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ABSTRACT

The curriculum guide attelpts to assemble select
activities that represent skills related to careers in science. These
learning activities are designed to give junior and senior high
school students opportunities to explore concepts and processes in
many science-related careers. The broad areas covered are biology,
cheamistry, physics, and earth science. Bach area is divided into
snb-top1cs with individual lessons that ‘span junior and senior high
school science ac¢tivities. Biology includes ecology, genetlcs,,:-
microbiology, zoology, botany, and human biology. Chemistry examines
both the structure and behavior of matter, chemical families, nuclear
energy, organic chemistry, and measurement. Physics contains lessons
in motion, energy, and mechanics.: Lessons—in earth science are
concerned with earth, ancient earth history, atmosphere-weather,
water and supply, determination of places and times, and astronomy.
Bach unit or sub-topic lists all possible careers relevant to that
area, and each lesson is organized into grade level, activity, .
procedure, results, discussion of results, and, in some lessoms, an
application section. A bibliography concludes the guide. (JB)
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CAREER STATEMENT

THE BAS!C KNOWLEDGE OF THE WORLD IN WHICH WE LIVE IS UNDERGOING AN

et R R IR I

EXCITING CHANGE AS A OIRECT RESULT OF THE BREAKTHROUGHS IN ALL SCIENTIFIC

FIELDS. BECAUSE OF THIS INCREASED IMPORTANCE OF SCIENCE AND TECHNOLOGY iN

o evivates gwes

e

OUR TIMES, AN UNDERSTANDING OF THE FUNDAMENTAL PRINCIPLES UNDERLYING MODERN

SCIENCE 1S ESSENTIAL FOR ALL STUDENTS, i

P e L L T

JUNTOR HIGH SCHOOL i3S OFTEN THE STARTING POINT FOR STUDENTS WHO ELECT

SCIENTIFIC CAREERS IN LATER LIFE. HOWEVER, THE CONTENT AND PROCESSES &F

x g mmam

SCIENCE CAN BE USED TO CHALLENGF AND FURTHER A STUDENT'S UNOERSTANDING OF
SCIENCE, REGARDLESS AF HIS FUTURE VOCATI@NAL OR PROFESSIONAL PLANS. Be-
CAUSE OF THE IMPACT OF SCIENCE ON THE PERSONAL, SOCIAL, AND ECONOMIC Lives
OF ALL PEOPLE IN OUR COUNTRY, A SCIENTIFICALLY LITERATE CITIZENSHIP IS

ESSENTIAL.

IT 1S IMPORTANT THAT OUR SCHOCLS MAKE SCIENCE AS MEANINGFUL AS POSSIBLE
TO ALL STUDENTS. ONE OF THE MOST MEANINGFUL WAYS TH TEACH SCIENCE IS TO RE-
LATE 1T TO THE OCCUPATIONS THAT NEED T® HAVE A BASIC UNDERSTANDING'OF SCIENCE.,
THE UNITS OR ACTIVITIES IN THIS SOOKLET ARE PRACTICAL EXAMPLES OF THE MANY
OUTIES AND RESPONSIBILITIES INVOLVED IN A PARTICULAR CAREER OR CAREERS DEAL-

"ING WITH SCIENCE.

MeRLIN S, OLSON, DIRECTOR
CAREER EDUCATION
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INTRODUCT ION

HAVE YOU EVER BEEN ASKED BY A STUDENT, "WHY DO | NEED TO KNow
THIS?" IF YOU HAVE, THEN YOU WILL FIND THIS BOOKLET HELPFUL.

OUR PURPOSE WAS TO SHOW THAT THE ACTIVITIES WE TEACH REALLY
DO RELATE TO CAREERS, AND THAT THESE ACTIVITIES GIVE OUR STUDENTS
OPPORTUNITIES TO EXPLORE CONCEPTS AND PROCESSES IN MANY SCIENCE~
RELATED CAREERS.

THIS PUBLICATION 1S AN ATTEMPT 10 PUT TOGETHER A FEW SELECT
ACTIVITIES THAT REPRESENT SKILLS RELATED TO CAREERS., THESE AC1IVi~
TIES WERE DRAWN FROM A CROS5~SECTION OF MATER{ALS USED IN GRADES
7-12. OuR MAIN INTENT WAS NOT TO WRITE NEW ACTIVITIES BUT TO RE~
LATE EXISTING ACTIVITIES TO CAREERS,

UNIT---CQREERS---ACTIVITIES

INITIALLY THE OBJECTIVE WAS TO ICENTIFY THE UNITS COVERED IN
ALL AREAS OF SCIENCE J-12; SECONDLY A NUMBER OF CAREERS WERE PLACED
IN EACH UNIT; AND FINALLY ALL PRESENT ACT!VITIES WERE SCREENED TO
PROVIDE EXPLORATION IN THOSE RELATED TO CAREERS.

THE USES.'AND EXAMPLES OF THE EVERYDAY APPLICATION OF THE PRIN=
CIPLES OF SCIENCES HELP TEACHERS AND THEIR STUDENTS BETTER APPRECIATE
THE PRACTICAL VALUE OF EDUCATION,

THIS BOOKLET REPRESENTS ONLY THE FIRST STEP IN A SERIES OF STEPS
MEANT TO ENCOURAGE SCIENCE TEACHERS TO BECOME MORE REALISTIC IN THEIR
APPROACH TO CAREER~RELATED ACT!VITIES WHICH SHOULD END FOREVER THE

TRADITIONAL LAMENT OF THE YOUNG PERSON, "WHAT Gooo (s iT?"

.




(VN

THE TOTAL SCIENCE PROGRAMS IN GRADES =12 FOR ScHOOL DIsTRICT #1,
ARE COVERED IM THE BROAD CATEGORIES WHICH INCLUDES BIOLOGY, EARTH

SCIENCE, CHEMISTRY AND PHYSICS,.

FOR CLARITY AS TO THE UNITS TAUGHT

WE SUBDIVIDED EACH SUBJECT INTO VARIOUS TOPICS, MANY OF THESE ARE
EXPLORED AT VARIOUS DEPTHS FROM JUNIOR HIGH THROUGH HIGH SCHOOL.

THEC ARE LISTED BELOW.

BIOLOGY

A, ECOLOGY

B. GENETICS

C. MICROBIOLOGY

D. 2OOLOGY
1. INVERTEBRATE
2. VERTEBRATE

E., BOTANY

F« Human BioLogY
1+ ANATOMY
2. PHysioLoGY

CHEMISTRY

A. STRUCTURE OF MATTER
B, BEHAViIOR OF MATTER
C. CHEMICAL FAMILIES
D. NUCLEAR ENERGY

E. ORGANIC CHEMISTRY
F. MEASUREMENT

C.

G.

PHYSICS

MOTION
ENERGY

1. OPTICS

2. ELECTRICITY

E. HEAT

. CHEMICAL

5e NUCLEAR

6. souNnp
MECHANICS

EARTH SCIENCE

EARTH AND WHAT IT's
MADE OF .

CHANGES IN THE EARTH'S
SURFACE

ANCIENT EARTH HISTORY

ATMOSPHERE~WEATHER

WATER AND SUPPLY

LOCATING PLACES AND
KEEPING TIME

ASTRONOMY

[N ORDER TO EMPHASIZE ALL THE MANY CAREERS, WE HAVE LISTED EVERY
POSSIBLE LEVEL OF OCCUPATION INTO EACH OF THE SUBDIVISIONS FROM THE
ABOVE TABLE., WE FEEL THAT TOO OFTEN STUDENTS ASK, "WHY 00 | NEED
THIS2" AND FOR THAT REASON WE WANTED TO BE AS COMPLETE AS POSSIBLE.
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BIOLOGY ~ ECOLOGY

BIOLOGIST

ENGINEERING TECHNICIAN

LANDSCAPE ARCHITECT

OccuPATIONAL THERAPIST

RECREATION LEADER

SOCIOLOGIST

TEACHER SECONDARY=COLLEGE

URBAN PLANNER

TRAVEL AGENTS

AGRIBUSINESS TECHNICIAN

DAirY ProoucTiON TECHNICIAN

FARMER

FisH CuLTURE TECHNICIAN

FORESTRY AID & FOREST PRODUCT
TecHNICIAN

ORCHARD TECHNICIAN

PARkS LAND MANAGeEMENT TECHNICIAN

Soit, CONSERVATIONIST

CARPENTER

STATIONARY ENGINEER

CHEMIST

GEOGRAPHY

LiFe SCIiENTIST

PsSYCHOLOGIST

SoCIAL WORKER

ELEMENTARY TEACHER

TeCHNICAL WRITER

VETERINARIAN

ReaL ESTATE SALESMEN
AGRICULTURE EXTENSION WORKER
FARM CrROP PRODUCTION TECHNICIAN
FisH & WILOLIFE TECHNICIAN
FORESTER

Livestock PRODUCTION TECHNICIAN

HORTICULTURIST
RANGE MANAGEMENT
SotL SCIENTIST

CeMENT MASON
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ECOLCGY
LEvet.: Junior HigH

ACTIVITY: EsTIMATING POPULATIONS

MATERIALS: PAPER CUP 7ILLED WITH WHITE BEANS
(Per TEAM) Rep BEANS 10

PROCEDURES : -

A,

(HAND OUT TO EACH TEAM A CUP OF WHITE BEANS.) TRY TO PLAN
TWO OR THREE METHODS FOR ESTIMATING THE NUMBER OF BEANS
WITHOUT COUNTING ALL OF THEM. WRITE OUT BRIEF DESCRIPTIONS
OF THE METHODS AND NUMBER THEM IN YOUR NOTEBOOK. USE EACH
ONE TO MAKE AN ESTIMATE, AND RECORD THE RESULTS IN A CHART
SIMILAR TO THIS:

PROCEDURE A PROCEDURE B PrRoCEDURE C
(Your MeTHODS) (POPULAT IONw (AcTuAL count)
1§ 2 3 CENSUS METHOD )

NUMBER OF BEANS

——

B.

c.

A POPULATION=CENSUS METHOD |S USED BY ECOLOGISTS WHO MUST
ESTIMATE SIZES OF CERTAIN POPULATIONS., [N USING THIS METHOD,
THE BIOLOG!ST ADDS SOME MARKED INDIVIDUALS TO A POPULATION.
HE ASSUMES THAT THE MARKED ANIMALS WILL MIX WITH THE ANIMALS
ALREADY THERE, APPLYING THIS METHOD HERE, YOU WOULD ADD
10 RED BEANS TO THE CUP OF WHITE BEANS. THEN YOU WOULD MAKE
SURE THAT THE BEANS ARE WELL MIXED, A SAMPLE OF BEANS SHOULD
CONTAIN ABOUT THE SAME RATIO OF RED BEANS/WHITE BEANS THAT THE
WHOLE CUP OF BEANS HAS, SUPPOSE A SAMPLE OF 20 BEANS, CON=-
TAINING 2 RED BEANS AND 18 wHITE ONES, 1S TAKEN. HERE
THERE IS A RATIO OoF 2/18. You ALREADY KNOW THAT THERE ARE
10 ReED BEANS IN THE CUP. FROM THIS INFORMATION YOU CAN
SET UP AN EQUATION:
2 RED = 10 RED
16 WHITE X WHITE

X STANDS FOR THE TOTAL NUMBER OF WHITE BEANS. BY SoOLVING
THE EQUATION (FINDING THE VALUE OF X), YOU WILL LEARN THAT
THE CUP CONTAINS ABOUT 90 WHITE BEANS==WITHOUT HAVING TO
COUNT THEM,

180
80

2 X
X =

(10 TiMes 18)
= 90 WHITE BEANS

TRY THIS METHOD, AND ENTER THE RESULTS IN YOUR CHART.
COUNT THE WHITE BEANS ONE BY ONE, COMPARE THE COUNT WITH
YOUR VARIOUS ESTIMATES,

INTERPRETATION: WH!ICH METHOD OF ESTIMATING DID YOU FIND MOST ACCURATE?

! 10
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ECOLOGY
LEvEL: Juntor HigH

ACTIVITY: PoNo SuccessIDN ACTIVITIES

PRDCEDURES ¢

A, TAKE STUDENTS ON A FIELD TRIP TO OBSERVE CHANGES IN A LOCAL
POND, I|F PDSSIBLE FIND A PDND WHICA IS BEING FED BY A FAST
STREAM SD A COMPARISDN CAN BE MADE ABOUT TWD DIFFERENT ENe
VIRONMENTS, A FEW OF THE ACTIVITIES ON SUCCESSION WHICH
COULD BE DONE INCLUDE:
(A) SAMPLE A STRIP ACROSS A POND TO NEARBY HIGH LAND,
ICENTIFY THE PLANT ZDNES AND PREPARE A PROFILE DF THE STRIP.

(8) HAVE STUDENTS DISCUSS AND REPORT BACK WHAT GRANDPARENTS
OR PARENTS REMEMBER ABOUT CHANGES WHICH HAVE OCCURRED IN
THE AREA.

(¢) Take SolL SAMPLES FROM DIFFERENT PLACES IN THE POND AND
MAKE AN ANALYSIS OF WHAT SEDIMENTS ARE FOUND? WHAT IS THE
SIZE OF THE SEDIMENT? WHAT DDES THIS .INDICATE ABOUT THE
RATE DF SUCCESSIDN IN THIS AREA?

(o) Poss IBLE QUESTIONS FOR DISCUSSIDN COULD INCLUDE:

1o HOwW DDES A POND CHANGE TO DRY LAND?

2, HOw LDNG DOES IT TAKE? WHAT DETERMINES THE LENGTH OF TIME
REQUIRED?

3¢ [N WHAT WAYS CAN YOU PREDICT THE LENGTH DF TIME REQUIRED?

Y4, WHAT ARE THE STAGES DF SUCCESSION IN A POND? WHAT INDICA=
TIONS DO YDU SEZ OF THESE STAGES?

5+ HOW IS ANIMAL LIFE DF A POND AFFECTED BY THE CHANGE?

6. How DD THE ACTIVITIES OF MAN AFFECT THE RATE OF FILLING
DF A POND?

7. HOw DDES A CHANGING ENVIRDNMENT AFFECT THE DRGANISMS
OF THAT AREA?

(€) Ir POSSIBLE TAKE ANOTHER FIELD TRIP TO AN OLDER POND
WHICH SUPPORTS MDRE PLANT GROWTHe MAKE CDMPARISONS DF THE
TWO PONDS,
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ECOLCGY
LeEveL: JunioOR HigH

ACTIVITY: Fiewo Stup!es oF A GRASSLAND AREA

MATERIALS: - THERMOMETER MOUSE TRAPS
LAs SHEETS PEANUT BUTTER
METERSTICK GRASS & WEED ICENTIFICATION

GUIDES (COUNTY AGENT HAS SEVERAL
TYPES FOR WYOMING)

To THE TEACHER: THIS ACTIVITY IS DONE OUT IN THE FIELD SO THAT SOME
FIELD TECHNIQUES {N BIOLOGY CAN BE INTRODUCED, IT IS BEST TO FIND

A FIELD WHIZH HAS NOT BEEN PASTURED OR USED BUT ANY GRASS F!FLD

CAN BE USEP. |F NOT IN A REGULAR GRASSLAND AREA BE SURE STUDENTS
ARE AWARE YOU ARE WORKINC NOT WITH A NATURAL BIOME IN THAT AREA.

FOR THE TRAPPING EXERCISE | USE REGULAR MOUSE TRAPS BUT LIVE TRAPS
WOULD BETTER SO AS NOT TO UPSET THE NATURAL BALANCE. THIS ACTIVITY
SHOULD INCLUDE 2 OR 3 DAYS AT LEAST (N THE FIELD. FIRST TO IDENTIFY
THE PHYSICAL AND BIOT}C ENVIRONMENT; SECOND TO STUDY FIELD TRAPPING
AND ON THIRD DAY, DO SPEC!FIC STUDY OF A SPECIFIC AREA OF THE GRASS=
LAND.

PROCEDURES ¢ )
A, HAVE STUDENTS SPREAD OUT FROM A POINT AND INVESTIGATE AND
ANSWER THE FOLLOWING INFORMATION ON THE PHYSICAL ENVIRONMENT,

LocaTion OF sTuDY:

DATE: TEMPERATURE :
WIND DIRECTION: AMOUNT ESTe
TIME OF CAY:, CLoun CONOITIONS

SoiL COMPITIONS:

WHAT IS THE NATURE OF THE S0i1L? (DARK O LIGHT) (SANDY, CLAY OR LOAM)

[MDICATORS AS TO HOW MUCH WATER IS AVAILABLE:

[s THE ARFA welLl. DRAINED? How CAN YOU TELL?

THE TEACHER SHOULD DEMONSTRATE HOW TO TEST SOIL TYPE BY TAKING HANDFUL
AND SQUEEZING IT TO SEZ IF IT STIckS TIGHT (cLAaY), Loose (sAND) OR N
BETWEEN,

B. INVESTIGATE THE GENERAL BIOTIC COMMUNITY [N THE AREA. ANSWER
" THE FOLLOWING FROM YOUR OBSERVATIONS:

[s THERE A GREAT VARIATION IN PLANT TYPES BETWEEN WET AND DRY AREAS?

ARE THERE ANY WOOD PLANTS PRESENT?
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1N
ARE THERE ANY SIGNS OF MAMMALS? IF so, wHAT?

WHAT INVERTEBRATES DO YOU FIND?

NAME TWO DOMINANT PLANTS OF GRASSLAND?

NAME TWO DOMINANT ANIMALS OF GRASSLAND. ONE VERTEBRATE AND ONE
INVERTEBRATE, AND

PROCEDURES ¢

C. BEFORE LEAVING THE AREA HAVE 5 MOUSE TRAPS AVAILABLE FOR
EACH TEAM. HAVE THEM BAIT THE TRAPS WITH A SMALL AMOUNT
OF PEANUT BUTTER, DETERMINE A STARTING 'LANDMARK THEN
DISPERSE TEAMS IN A FAN SHAPE FROM THAT POINT. GET STUDENTS
TO SELECT A LANDMARK SO THEY CAN WALK TOWARD IT 1i. A STRAIGHT
LINEs HAVE THEM PLACL TRAPS 20 PACES APART IN A STRAIGHT
LINEe. TEACHER WILL PROBABLY HAVE TO DEMONSTRATE HOW TRAPS
ARE SET. ON THE SECOND DAY FIRST HAVE STUDENTS PICK UP
TRAPS AND ANSWER THE FOLLOWING:S

(A) How MANY MICE DID YOU CATCH?

(B) How MANY TRAPS WERE SPRUNG BUT HAD NO MICE?
leesr:GAT§ THE AREA FOR TRACKS OF OTHER ANIMALS, Do You
BELIEVE YOUR TRAP WAS SPRUNG BY A MOUSE? - |F not,
WHAT SPRUNG IT AND WHY DO YOU BELIEVE THIS?

COLLECTIVELY GATHER ALL INFORMATION AND DETERMINE AN ESTIMATED
MOUSE POPULATION FOR THE AREA.

(c) To WHAT PEOPLE WOULD THIS KIND OF I#:FORMATION BE IMPORTANT
T0?

STUDY SKINS CAN BE MADE FROM MICE CAUGHT AFTER YOU RETURN
FOR THOSE STUDENTS WHO WANT TO,

PROCEDURES ¢
D. ESTABLISH A SQUARE IN THE GRASS 50 CENTIMETERS SQUARE.

USING YOUR GUIDE KEYS, IDENTIFY THE DIFFERENT KINDS OF PLANTS
YOU FIND IN YOUR SQUARE AND LIST THE NAMES ON YOUR DATA
SHEET, (SEE BELOW) ANY YOU CAN'T IDENTIFY NUMBER IT AN UNKNOWN
AND COLLECT A SAMPLE TO KEY OUT WhEN YOU GET BACK TO CLASS,
NOwW COUNT ALL THE PLANTS OF EACH DIFFERENT KIND YOU FIND ON
YOUR PLOT AND PUT IT ON YOUR DATA SHEET. THE REST OF THE
DATA SHEET CAN BE FINISHED IN CLASS OR HOME. YOUR TEACHER WILL
EXPLAIN HOW TO FIND % OF AREA.




DATA SHEET

STUDENT : DaTE:
VEGETATIONAL
LocaLiTY: TYPE :
SoiL TypPE:
| |  GrowtH ! ImpoR- !
' SpeCIES No. | % ARea I TYpe* | TANcE** | HElGHT
! 1 !
: i

* GROWTH TYPE: A=ANNUAL HERB; P=PERENNIAL HERB; S=SHRUB; T=TREE.

** |MPORTANCE: D=DOMINANT; C=COMMON; U=UNCOMMON; R=RARE.

Q . 4
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ECOLOGY
LeveL: HigH ScHooL

ACTIVITY: INTERRELATIONSHIPS OF PRODUCERS AND CONSUMERS

INTRODUCTION:

IN NATURE THERE ARE SO MANY VARYING CONDITIONS IN THE SURROUNDINGS
THAT IT 1S OFTEN DIFF CULT TO DETERMINE WHICH VARIABLES AFFECT WHAT
WE OBSERVE AND WHICH DO NOT, ONE WAY TO DECREASE THE NUMBER OF THESE
VARYING CONDITIONS 1S TO PLACE ORGANISMS IN CONTAINERS AND THEN

SEAL THEM OFF FROM THE ATMOSPHERE,

Pupose:

THE PURFOSE OF THE EXERCISE 1S TO OBTAIN DATA THAT WILL ENLARGE
OUR UNDERSTANDING OF THE RELATIONSHIPS BETWEEN PRODUCERS AND CON=~
SUMERS~=ESPECIALLY THEIR PLACE IN THE CARBON CYCLE.

BACKGROUND {NFORMATION:

AN INDICATOR IS A SUBSTANCE THAT SHOWS THE PRESENCE OF A CHEMICAL
SUBSTANCE BY CHANGING COLOR. BROMTHYMOL BLUE IS AN INDICATOR THAT
CHANGES TO A GREEN COLOR IN THE PRESENCE OF AN ACID, CARBON DIOXIDE
(COs) 1S A GAS THAT FORMS AN ACID WHEN DISSOLVED IN WATER. THEREFORE,
IN THIS EXPERIMENT BROMTHYMOL BLUE CAN USED TO INDICATE, INDIRECTLY,
THE PRESENCE OF COo.

MaTERIALS:
SCREW=CAP CULTURE TuBES, 20 x 150 MM TEST=TUBE RACK, 1

. -— -OR"LONGER, U SMALL WATER SNAILS, 2
ELopeA (ANARCHARIS), 2 PIECES BROMTHYMOL BLUE SOLUTION
CONTAINER OF MELTED PARAFFIN POND WATER

GLASS=MARKING CRAYON, 1
1]
PROCEDURE

NUMBER THE SCREW=CAP CULTURE TUBES FROM 1 TO 4,

FiLL EACH TUBE WITH POND OR AQUARIUM WATER UNTIL THE WAYER SUR-
FACE IS APPROXIMATELY 20 MM FROM THE TOP. ApD 3 TO 5 DROPS OF
BROMTHYMO'. BLUE SOLUTION TO EACH TUBE. TO TUBE 1 ADD A SMALL SNAIL;
10 TUBE 2 ADD A SMALL SNAIL AND A LEAFY STEM OF ELODEA; TO TuBE 3
ADD ELODEA ONLY; DO NOT ADD ANYTHING TO Tuse U,

PLACE A CAP ON EACH TUBE AND SCREW IT DOWN TIGHTLY. DIP THE
CAP END OF EACH TUBE N MELTED PARAFFINe AFTER ALLOWING THE PARA-

_ FFIN TO COOL AND HARDEN, TEST THE SEAL BY TURNING THE TUBES UPSIDE
DOWN FOR ABOUT FIVE MINUTES. THERE SHOULD BE NO LEAKAGE.

IF ALL TUBES ARE WATERTIGHT, PLACE THEM IN STRONG, INDIRECT
LIGHT==NOT DIRECT SUNLIGHT. MAKE OBSERVATIONS EACH MORNING AND AFTER=
NOON, RECORD ANY CHANGES IN THE COLOR OF THE INDICATOR (sroMTHYMOL
BLUE) AND IN THE CONDITION OF THE PLANTS AND SNAILS.

Discussion:

IN WHICH TUBE DID THE ORGANISMS DIE FIRST? (1) SINCE THESE ORGAN=
ISMS USUALLY SURVIVE WELL IN AN AQUARIUM OR POND, WE MIGHT SUSPECT THAT
BEING CUT OFF FROM AIR MIGHT HAVE HAD SOMETHING TO DO WITH THEIR DEATH.
WHAT SUBSTANCE IN AIR MAY HAVE BEEN NEEDED? (2) AnoTHER POSSIBILITY IS
THAT DEATH MAY HAVE RESULTED FROM THE ACCUMULATION OF A POJSONOUS

ERIC
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Discussion (CONT.)
MATERIAL IN THE WATER. WHAT DOES THE INDICATOR sHOW? (3) Now RecaALL
WHAT YOU HAVE READ ABOUT PHOTOSYNTHESIS AND TME CARBON CYCLE, UsiNng
THIS INFORMATION AND YOUR ANSWERS TO THE PREVIOUS QUESTIONS, EXPLAIN
THE DATA YOU RECORDED WHILE OBSERVING THE OTHER TUBES THAT CONTAIN
orGANISMS. (4) Dip THE INDICATOR CHANGE COLOR IN Tuse 42 If so,

HOW MIGHT YOU EXPLAIN THIS (KEEPING IN MIND THE SOURCE OF THE WATER)?
(5) CONSIDERING THiS EXERCISE AS AN EXPERIMENT, WHAT WOULD YOU CALL
Tuee 47 (6) WHAT RESULTS MIGHT YOU HAVE EXPECTED IF ALL TUBES HAD
BEEN KEPT IN TOTAL DARKNESS? (7)
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ECOLOGY
Lever: HigH ScHooL

ACTIVITY: DeveLoPMENT oF ORGANISMS IN A COMMUNITY

PROBLEM:

THE POPULATION OF PLANTS OR ANIMALS IN A COMMUNITY WILL CHANGE AS THE
ENV I RONMENTAL CONDITIONS CHANGE. WHAT KINDS OF ORGANISMS WiLL APPEAR
AS A COMMUNITY OF LIVING ORGANISMS BEGINS TO DEVELOP?

MATERIALS:

ONE~GALLON WIDE~MOUTH GLASS JAR OR BATTERY JAR, GLASS COVER PLATE,
EYE DROPPER, M!CROSCOPE OR MICROPROJECTOR, MICROSCOPE SLIDES AND
COVER GLASSES,

PROCEDURE:

WASH THE GLASS JAR IN WARM SOAPY WATER AND RINSE THOROUGHLY.
FiLL THE JAR ABOUT HALF FULL OF GRASS AND LEAVES COLLECTED FROM A
ORIED=UP DITCH OR POND, AND FiLL THE JAR WITH COOL POND WATER THAT °
HAS BEEN FILTERED AND BOILEDs COVER THE JAR WITH THE GLASS PLATE
SO THAT AIR CAN GET IN, AND LEAVE THE JAR IN A LIGHTED PLACE BUT ,
NOT IN DIRECT SUNL!GHT DR NEAR A RADIATOR.

OBSERVE THE MATERIAL IN THE JAR DAILY FOR THE APPEARANCE OF A
CLOUDY SCUM, EITHER ON TOP OF THE WATER OR ON THE LEAVES OR GRASS.,

EACH DAY, PLACE DROPS OF THE WATER, TAKEN FRDM THE TOP, SIDES, AND
BOTTOM OF THE JAR, ON A CLEAN GLASS SLIDE AND EXAMINE UNDER THE LOW
AND HIGH POWERS OF THE MICROSCOPE OR MICROPROJECTOR, BE SURE TO
ADJUST THE LIGHT CAREFULLY, AS SDME TINY ORGANISMS MAY NOT BE SEEN
OTHERWI SE,

OBSERVATIONS:
RECORD THE TYPE OF ORGANISMS OBSERVED IN THE FDLLOWING TABLE.

NUMBER OF Tyrpes OoF MiCRDSCOPIC TyPes oF MicroscoricC
DAYs PLANTS ANIMALS
5 LA
I
—
8
10

INTERPRETATION?
FILL IN THE BLANK WORDS IN THE FOLLOWING PARAGRAPH iN THE NUMBERED
SPACES AT THE RIGHT.

THE STUDY OF THE RELATIONSHIP OF LIVING ORGANISMS TOj
THEIR ENVIRONMENT 1S KNowN AS {1). THE ENVIRDNMENT AF=
FECTING LIVING ORGANISMS DEPENDS ON SUCH FACTORS AS (2)% ‘
(3), aND (4). THE NATURAL ENVIRONMENT IN WHICH A PAR= 3
TICULAR FORM OF LIFE IS FOUND 1S CALLED ITs (5), AND
THE TOTAL NUMBER OF EACH KIND OF ORGANISM PRESENT MAKES
up A (6). ALL THE PLANTS AND ANIMALS LIVING TOGETHER 5
IN ONE KIND OF HABITAT MAKE UP A (7). SINCE ANIMAL LIFEL
MUST HAVE FDOD DN WHICH TO LIVE, THE FIRST ORGANISMS

1
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THAT DEVELOPED IN THE COMMUNITY IN THIS EXPERIMENT WEREQ
oNE~CELLED {8). THE NEXT GROUP OF ORGANISMS TO APPEAR
"WERE PROBABLY ONE=CELLED (9 )+ —WHEN-THE COMMUNITY CON=
TINUED WITH LITTLE CHANGE- OF ITS LIVING ORGANISMS FOR
A LONG PERIOD OF TIME, IT IS CALLED A (10) coMMUNITY.

10

APPLICATION:

THE PLANTS AND ANIMALS IN ANY COMMUNITY OF LIVING ORGANISMS ARE
DEPENDENT ON EACH OTHER, MAKE A DIAGRAM TO SHOW THE FOOD CHAIN
AMONG THE DIFFERENT ORGANISMS OBSERVED IN YOUR EXPERIMENTAL COM=-
MUNITY.

WHY IS IT IMPORTANT FOR SOMEONE WORKING IN AGRICULTURE TO KNOW
WHAT A FOOD CHAIN 1Is?

THERE ARE MANY OTHER OCCUPAT!ONS WHERE FOOD CHAINS WOULD BE USEFUL.
NAME SEVERAL.

ERIC
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ECOLOGY
Lever: HigH ScHooL

"ACTIVITY: POLLUTANTS IN THE AIR ] -

PROBLEM

THE AIR AROUND US CONTAINS MANY POLLUTANTS, SUCH AS BACTERIA, DUST
PARTICLES, AND CHEMICAL SUBSTANCES, How CAN YOU DETERMINE THE
AMOUNT OF DUST PARTICLES IN THE AIR?

MATERIALS:
STICKY FLYPAPER
SMALL BOXES
MAGNIFIER

DIRECTIONS:

Cut 2" X 2" SQUARES OF FLYPAPER AND PUT EACH SQUARE IN A SMALL
BOX WITH THE STICKY SIDE UP, COVER ONE BOX AND LEAVE THE OTHER BOX
OPEN. PLACE BOTH BOXES ON AN OUTSIDE WINDOW LEDGE WHERE THEY WILL
NOT BE BLOWN AWAY. PUT A FRESH PIECE OF FLYPAPER IN THE BOXES
EVERY DAY. EXAMINE THE FLYPAPER SQUARES WITH A MAGNIFIER DAILY,
(You MAY WiSH TO USE LOW POWER ON THE MICROSCOPE T00)

OBSERVATIONS :
FILL IN THE FOLLOWING TABLE TO DETERMINE HOW THE NUMBER OF DUST
PARTICLES IN THE AIR CHANGES DAY BY DAY,

Numser ofF DusTt Numser of DusTt AveERAGE NUMBER
Day PARTICLES ON PARTICLES ON of DusT PARTICLES
Exposep PAPER Covergd PAPER AN AIR
FiRrsT
SECOND
THiIRD
FouRrTH
F3$FTH

INTERPRETATION:

FILL !N THE BLANK WORDS IN THE FOLLOWING PARAGRAPH IN THE NUMBERED
SPACES AT THE RIGHT,.

THE AIR WE BREATHE CONTAINS MANY HARMFUL SUB=

STANCES KNOWN AS (1). THESE ARE USUALLY THE RE=
SULT OF MAN'S CONVERSION OF (2) INTo (3). IN MANY

LARGE CITIESy; AIR POLLUTION 1S RESPONSIBLE FOR THE

FORMATION OF (4) WwHICH IRRITATES THE EYES AND
BREATHING PASSAGES, THIS CONDITION MAY 8E PRODUCED

WHEN CERTAIN (5) ARE RELEASED BY THE EXHAUST FROM

AUTOMOBILES AND ARE ACTED UPON BY (6) BY MEANS OF
A (7) ReacTiON. THE ATMOSPHERIC CONDITION MOST

- NNVl &= W N =
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LIKELY TO PRODUCE THIS TYPE OF AIR POLLUTION 1S A 8
LAYER OF (8) AIR WHICH KEEPS THE AIR NEAR THE

GROUND FROM (9). THE EFFECTS OF AIR POLLUTION ARE 9
MOST SEVERE ON PEOPLE SUFFERING FRoM (10) piseases. 10

APPLICATION:

MANY HOMES AND BUILDINGS TCDAY, ARE. AIR..CONDITH4ONED, EXPLAIN WHY
AIR CONDITIONING MAKES THESE PLACES MORE COMFORTABLE TO BE |N AND
THE AIR MORE SUITABLE SOR BREATHING,

WHAT CAREERS MIGHT NEED TO KNOW HOW TO CLEAN UP POLLUTED AIR?

WHAT EFFECT WILL A THERMAL INVERSION HAVE, IF IT OCCURS IN A HEAVY

INDUSTRIAL AREA, ON PERSONS ALREADY HAVING RESPIRATORY DIFFICULTIES?

<0
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ECOLCGY
Lever: HigH SchooL

ACTIVITY: PERCENTAGE OF OXYGEN iN AIR
PURPOSE: TO FIND THE PERCENTAGE OF OXYGEN [N A SAMPLE OF AIR.

MATERIAL: PHOSPHORUS METHOD ¢

BATTERY UAR CLamp

BURET cLAMP EUDIOMETER

50 ML METRIC RULER RING STAND

THERMOMETER CoPPER WIRE,BARE, No. 16, 60~cM
PHOSPHORUS, WHITE LONG

PYROGALL!C ACID METHOD:

BALANCE, PLATFORM BATTERY UAR

EuptoMETER, 50 ML GRADUATED CYLINDER

RusBER STOPPER, soLiD No. O PYROGALLIC ACID

SOLUTION OF SODIUM HYDROXIDE (1.0 M),

INTRODUCTION: ]

IF A VOLUME OF AIR IS MEASURED ACCURATELY AND THEN THE OXYGEN
REMOVED BY CHEMICAL MEANS, THE PERCENTAGE OF OXYGEN IN THE ORIGINAL
SAMPLE MAY BE COMPUTED EASILY. WHITE PHOSPHORUS UNITES READILY WITH
OXYGEN AND FORMS A WHITE SMOKE OF DIPHOSPHORUS PENTOXIDE, THE WHITE
SMOKE GRADUALLY SETTLES AND DISSOLVES IN THE WATER. THE VOLUME OF
GAS REMAINING, SUBTRACTED FROM THE ORIGINAL VOLUHE OF AIR, GIVES!

THE VOLUME OF OXYGEN REMOVED. ’

AN ALTERNATE METHOD THAT GIVES QUICKER RESULTS IS TO ADD A
MIXTURE OF PYROGALLIC ACID AND SODIUM HYCROXIDE SOLUTION TO A MEAm
SURED VOLUME OF AIR CONTAINED IN A STOPPERED EUDIOMETER. THIS MIXTURE
RAPIDLY UNITES WITH THE OXYGEN IN THE AIR, THE STOPPERED TUBE IS
INVERTED A FEW TIMES TO MIX THE CHEMICALS THOROUGHLY WITH THE ENCLOSED
AIR. THE STOPPERED END 1S THEN THRUST UNDER WATER IN A BATTERY JAR.
As SOON AS THE STOPPER 1S REMOVED, WATER IS FORCED IN TO TAKE THE
PLACE OF THE REMOVED OXYGENe THE VOLUME OF GAS REMAINING IN THE TUBE,
SUBTRACTED FROM THE VOLUME OF AIR USED, GIVES THE VOLUME OF OXYGEN,

PROCEDURE: PHOSPHORUS METHOD

ADD SUFFICIENT WATER TO A 50~ML EUDIOMETER SO THAT 40 10 50
ML OF AIR WILL BE ENCLOSED WHEN THE TUBE IN INVERTED IN A BATTERY
JAR OF WATER. IT IS A GOOD PLAN TO FILL SEVERAL LARGE VESSELS WITH
WATER THE DAY BEFORE THE EXPERIMENT, SO THAT THE WATER WILL BE AT
ROOM TEMPERATURE. DETERMINE ACCURATELY THE VOLUME OF AIR ENCLOSED
IN THE EUDIOMETER., MEASURE THE DIFFERENCE IN WATER LEVELS, IF ANY,
IN MILLIMETERS, RECORD THE TEMPERATURE OF THE WATER AND ALSO THE
BAROMETER READING IN THE ROOM. COMPUTE THE VOLUME OF DRY AIR EN-
CLOSED AT S.T.P.

CUT A STICK OF PHOSPHORUS UNDER WATER SO AS TO GET A PIECE WITH
FRESHLY CUT SURFACES THE SIZE OF A SMALL BEAN, CAUTION: DO NOT
HANDLE PHOSPHORUS WITH THE FINGERS. THRUST ONE END OF A FLEXIBLE,
BARE, COPPER WIRE, ABOUT 60 cM LONG, INTO THE PIECE OF PHOSPHORUS
WHILE !IT IS STILL UNDER WATER. NO./ PUSH THE WIRE, WITH THE PHOS=~
PHORUS ON THE END, UP INTO THE EUDIOMETER TO WITHIN SEVERAL CENT-
{METERS OF THE TOP. OBSERVE THE REACTION WHICH BEGINS AT ONCE.
ALtow AT LEAST 2ll HOURS FOR ih!_REACTION TO BE COMPLETED,
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INITIAL DATA

OLUME OF AIR ENCLOSED IN EUDIOMETERccsso0s0ccsces ML .
D.FFERENCE lN wATER LEVELS.........!:&............ m
- EQUIVALENT DIFFERENCE "IN LEVELS IN MM OF MERCUR' MM T T

TEMP:MTURE....................................... oc
&RO"ETER READ.NG.............’.............G..... "“
w‘TER VAPOR PRESSURE.....5................0....... M“
VOLUME OF DRY AIR ENCLOUSED AT SeTePececvccccccscns ML
FINAL DATA

aOLWE or GAS REM‘N'NG........................... "L
DIFFERENCE IN WATER LEVELS.ccevccocccoscsscsscnssse MM
EQUIVALENT DIFFERENCE IN LEVELS OF MM OF MERCURY MM
TE“PERATURE....................................... oc
BAROMETER READINGesososovecnvccssssococossscnccsnsos MM
WATER VAPOR PRESSUREceccccococcsvcccocssnsonsssncos MM
VOLUME OF GAS REMAINING AT SeToPiceccscoscecocsces ML
VOLUME OF DRY Op REMOVED.csescsscosocorcossescsnse ML
PERCENTAGE OF 02 IN SAMPLE OF AIR TAKENseessocccos %
ACCEPTED PERCENTAGE OF Op IN AlReuecocscscossssnns %
PERCENTAGE ERRORcooos0cev00ceccoccvovosssnscvcsncnse ’

WHEN THE WHITE SMOKE HAS DISAPPEARED, REMOVE THE COPPER WIRE,
MEASURE THE DIFFERENCE IN LEVELS, AND READ THE VOLUME OF THE GAS
REMAINING, RECORD THE TEMPERATURE OF THE WATER AND THE BAROMETER
READING. COMPYTE THE VOLUME OF DRY GAS REMAINING AT S,T.P,

PROCEDURE: PYROGALLIC ACiD METHOD

EXACTLY 50 ML OF AIR WILL BE TAKEN AS THE SAMPLE IN THIS METHOD.
THAT VOLUME OF SODIUM HYDROXIDE SOLUTION WILL BE USED WHICH IS JusT
EQUAL TO THE VOLUME BETWEEN THE 50-~ML MARK ON THE EUDIOMETER TUBE
AND THE BOTTOM OF THE RUBBER STOPPER WHICH IS USED TO CLOSE IT.

THiS VOLUME IS EASILY DETERMINED AS FoLtows: (1) FiiL THe Tuse
WITH WATER TO THE 50-ML MARK. (2) INSERT THE RUBBER STOPPER. (3)
INVERT THE TUBE AND READ FROM THE GRADUATIONS THE VOLUME OF AIR
WHICH WAS BETWEEN THE 50-ML MARK AND THE STOPPER BEFORE THE TUBE
WAS INVERTED, THIS IS THE VOLUME OF SODIUM HYDROXIDE SOLUTION TO
USE WITH THE TUBE. (%) EMPTY THE WATER OUT OF THE TUBE.

Aob 0.5 G OF PYROGALLIC ACID POWDER TO THE TUBE, ACCURATELY
MEASURE IN A GRADUATED CYLINDER THE REQUIRED VOLUME OF SODIUM HY=
DROXIDE SOLUTION 'AND POUR {T INTO THE TUBE. QUICKLY CLOSE THE TUBE
WITH THE RUBBER STOPPER, INVERT THE TUBE A FEW TIMES TO MIX THE CONe
TENTS. PULACE THE STOPPERED END OF THE TUBE UNDER WATER IN A BATTERY
JAR AND THEN REMOVE THE STOPPER. NOYE HOW THE WATER 1S FORCED IN
TO REPLACE THE OXYGENe ALLOW THE TUBE TO COOL FOR A FEW MINUTES.

NOW RAISE OR LOWER THE TUBE SO THAT THE LEVEL OF WATER !N THE TUBE

1S THE SAME AS THAT IN THE BATTERY JARe READ THE VOLUME OF GAS
REMAINING IN THE TUBE. IT IS NOT NECESSARY TO CORRECT THE GAS TO
SeToP. IN THIS METHOD BECAUSE THE OPERATIONS ARE ALL DONE WITHIN

A FEW MINUTES, THE VOLUME OF GAS REMAINING, SUBTRACTED FROM THE ORIG~
INAL VOLUME OF AIR, 50 ML, GIVES THE VOLUME OF OXYGEN, THE VOLUME OF
OXYGEN DIVIDED BY THE VOLUME OF THE SAMPLE TAKEN AND MULTIPLIED BY

100 % WILL GIVE THE PERCENTAGE OF OXYGEN IN AIRe REPEAT THE EXPERI=
MENT SEVERAL TIMES UNTIL CONSISTENT RESULTS ARE OBTAINED.
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B — : DATA TABLE

1
VorLume of GAS REMAININGeeescecvcee

VOLUME OF OXYGEN REMOVEDesecsssses
PERCENTAGE OF OXYGENe¢eooosocoscocse
ACCEPTED PERCENTAGE OF OXYGEN IN AIR

PERCENTAGE ERROReceseesossscseccsse
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ECOLOGY
LeveL: HigH ScHooL

ACTIVITY: Noise AcTiviTY

MATERIALS S

0SCILLOSCOPE SMALL 3=l INCH SPEAKER

DeciBeLMETER (AVAILABLE FROM CITY 3-U souno TAPes (VARIOUS SOUNDS
OFF ICES) SUCH AS AIRPLANES, HIWAY

STETHOSCOPE TRAFFIC, JACK HAMMERS, CITY

SPHYGMOMANOMETER NOISES)

AUDIOMETER 3=l TAPE RECORDERS

PROCEDURES ¢

A. SET UP OSCILLOSCOPE WITH THE SMALL SPEAKER CONNECTED TO SHOW
VERTICAL INTERFERENCE,

B. TALK INTO THE SPEAKER WHILE OUTLINING DIRECTION OF ACTIVITY,

C. USE DECIBELMETER TO SHOW THE VARIOUS READINGS,

D. CHECK HEART BEAT AND BLOOD PRESSURE OF SOME STUDENTS NOW TO
SHOW THE NORMAL, RECORD,

E. TURN ON AT FULL VOLUME THE SOUND RECORDINGS AND HAVE STUDENTS
TRY TO READ SOME PREPARED INFORMATION RELATING TO SOUND, WHILE
THIS 1S BEING DONE CHECK THE BLOOD PRESSURE AND HEART BEAT
LEVELS AGAIN,

QUESTIONS :
1. HOW DOES NOISE DIFFER FROM SOUND AS SEEN ON THE OSCILLOSCOPE?

2. WHAT DIFFERENCES DID YOU DISCOVER ON BLOOD PRESSURE AND HEART
BEAT BEFORE AND DURING THE DEMONSTRATION?

3. WﬁAT EFFEC:S MIGHT THIS HAVE IF YOU WERE SUBJECTED TO LONG PERIODS

OF INTENSE NOISE ON YOUR MENTAL WELL BEING?

4, WHAT CAREERS WOULD YOU EXPECT WOULD ENCOUNTER LOUD DISTURBING
NOISES?

5. THERE ARE SEVERAL CAREERS DEVOTED TO WORKING WITH DAMPENING
NOISES OR PRODUCING PLEASING SOUNDS, CAN YOU THINK OF SOME?

6. How DO CONTINOUS NOISES EFFECT YOUR WORK EFFICIENCY?

7. WHAT LONG TERM EFFECTS WILL CONTINUOUS LOUD SOUNDS HAVE ON YOUR
HEARING?

ADDITIONAL ACT!VITIES

1o VISIT VARIOUS INDUSTRIAL SITES AND RECORD NOISE LEVELS WITH A
DECIBELMETER,

2. TAKE A TOUR OF YOUR SCHOOL AND IDENTIFY AREAS OF NOISE DISTUR~
BANCES,

3. [INVITE YOUR LOCAL POLICE CHIEF TO SPEAK ON NOISE ORDINANCES AS
PROPOSED BY YOUR COMMUNITY,
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ECOLOGY
Lever: HigH Scuoor

ACTIVITY: CONSTRUCTION OF AN ELECTROSTATIC PRECIPITATOR

INTRODUCTION:

SMOKE, THE RESULT OF INCOMPLETE COMBUSTION AND THE MOST 0BVIOUS
OF THE ATMOSPHERIC POLLUTANTS, IS A COLLOIDAL DISPERSION OF A SOLID
IN A GAS, WHAT IS THE COLLOIDAL STATE? [MAGINE THE REPEATED SuBDI-
VISION OF A SOLID IMMERSED IN A LIQUID TO FORM THE SMALLEST POSSIBLE
VISIBLE PARTICLES, DEPENDING ON THE RELATIVE DENSITY OF THE SOLID
AND THE LIQUID, THE SUBDIVIDED PARTLCLES EITHER FLOAT TO THE SURFACE
OF THE LIQUID OR SINK TO THE BOTTOM, IN EITHER CASE, THEY CAN EASILY
BE SEPARATED OUT OF THE LIQUID BY FILTRATION.

IMAGINE FURTHER SUBDIVISION OF THESE PARTICLES INTO |NOIVlDUAL
ATOMS AND MOLECULES. AT THIS POINT, THE™TWO PMASES SOLID AND LIQUID
ARE NU LONGER DISTINGUISHABLE; INSTEAD, THERE EXISTS A TRUE SCLUTION,
NO MATVER HOW LONG A TRUE SOLUTION STANDS, THE DISPERSED PARTICLES
DO NOT THEMSELVES SEPARATE OUT, NOR CAN THEY BE SEPARATED OUT 8%
FILTRATION,

BETWEEN THE EXTREMES OF A COARSE SUSPENSION AND A TRUE SOLUTION
IS A RANGE OF PARTICLE SI2ES SO SMALL THAT THEY DO NOT FORM AN OBVI-
OUSLY SEPARATE PHASE, YET NOT SO SMALL THAT THEY ARE IN TRUE SOLUTION,
THIS 1S THE COLLOIDAL STATE,

THE OIVIOING LINES BETWEEN COLLOIDS AND SOLUTIONS AND BETWEEN
COLLOIDS ANO CLEARLY SEPARATE PHASES ARE NOT SHARP, SINCE A CONTINU=
ous RANGE OF PARTICLE SIZES IS POSSIBLE, A DISPERSION IS CALLED A

nalo, HOWEVER, WHEN THE PARTICLE SIZES RANGE BETWEEN 107 (cM anD
10- CM, )

COLLOIDAL PARTICLES, INVISIBLE UNOER A MICROSCOPE; USUALLY DO NOT
SEPARATE OUT AT ANY APPRECIABLE RATE, THE REASON IS THAT TWO OPPOSING
FORCES ARE ALWAYS PRESENT IN A COLLOIDAL DISPERSION: GRAVITY, WHICH
TENDS TO PULL THE PARTICLES DOWN; ANO BROWNIAN MOTION, THE CONSTANT
RANOOM COLLISIONS GF THE PARTICLES WITH MOLECULES OF THE MEDIUM IN
WHICH THE PARTICLES ARE DISPERSED, THUS SMOKE PARTICLES IN AIR MAY
TENO YO SETTLE OUT UNDER THE INFULENCE OF GRAVITY; BUT BECAUSE OF
THE NUMEROUS "OETOURS" THAT THEY WAKE AS A RESULT OF BROWNIAN MOTION,
THEIR RATE OF SETTLING MAY BE SO SLOW AS TO BE UNNOTICEABLE.

MOST COLLOIOAL PARTICLES ARE ELECTRICALLY CHARGED., THERE 1S
DISAGREEMENT CONCERNING THE SOURCE OF THE CHARGE. CNE FACTOR
PROBABLY INVOLVED 1S SURFACE AREA, REPEATED SUBDIVISION OF A soLID
CAN INCREASE ITS ORIGINAL SURFACE AREA MANY FACTORS of 10,

WHY?

CALCULATE YHE SURFACE AREA OF A CUBE 1 CM ON EACH SIDE, NEXT
CALCULATE THE AMOUNT OF SURFACE AREA FORMED WHEN THE SAME CUBE IS
SUBDIVIDED INTO CUBES THAT ARE 10™D cM ON EACH SIOE.

How DO THE TOTAL SURFACE AREAS COMPARE?

THE LARGER THE SURFACE AREA FOR A GIVEN VOLUME, THE MORE ATOMS
ON THE SURFACE, RELATIVE TO THE NUMBER OF ATOMS !N THE INTERIOR,
INTERIOR ATOMS CAN FORM BONDS WiTH OTHER ATOMS IN THREE DIMENSIONS.
SURFACE ATOMS, HOWEVER, CANNOT, AS A RESULT, THE VALENCE, OR COM=-
BINING POWER, OF SURFACE ATOMS USUALLY IS NOT SATISFIED, AND THEY
CAN ATTRACT ELECTRICAL CHARGES,
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THESE CHARGES MAY RESULT FROM FRICTION, AS IS PROBABLY THE CASE
WITH WATER DROPLETS IN THE ATMOSPHERE, OR FROM THE ADSORPTION OF IONS.
BUT WHATEVER THE SOURCE, ALL THE PARTICLES OF A GIVEN COLLOID MAVE
--A--CHARGE OF THE SAME SIGN.
WHAT HAPPENS WHEN PARTICLES HAVING THE SAME CHARGE ARE NEAR ONE
© ANOTHER?

© How WOULO THIS PHENOMENON AFFECT A coLLolD?

"SMOKE, AS A COLLG!DAL SUSPENSION OF SOLIDS IN A GAS, EXHIBITS THE
PROPERTIES FOUND IN MOST COLLOIDS==INCLUDOING CHARGE. A SIMPLE, BUT
INGENIOUS DEVICE THAT TAKES ADVANTAGE OF THIS FACT IS THE ELECTROSTATIC
PRECIPITATOR, WHICH 1S WIDELY USED IN INDUSTRY TO FREE GASES OF DUST,
SMOKE, AND LIQUID DROPLETS. WHILE IT 1S NOT ALWAYS ECONOMICAL TO
INSTALL THEM, PRECIPITATORS CAN IN SOME INSTANCES RECOVER VALUABLE
MATERIALS THAT OTHERWISE ™ WOULD BE LOST THROUGH STACKS.

HERE 1S HOW THE ELECTROSTATIC PRECIPITATOR WORKS: AIR AND GASES
CONTAINING DUST OR SMOKE PARTICLES ARE CHANNELED BETWEEN WIRE ELECTRODES
AND PLATES CARRYING OPPOSITE CHARGES, IN PASSING, THE COLLOIDAL PAR=-
TICLES RECEIVE A CHARGE FROM THE ELECTRODES. THMEY ARE THEN ATTRACTED
TO THE PLATES.

.
.

ELECTROSTATIC PRECIPITATOR

CARDBOARD =\, TOOTHP1CK
© Tuee =] | MooeL T Foro

Il = INoucT1ON
ALUMINUM :WQ

I

Fost —— 15

]

ToOTHPICK

s SN ;
A

. — 4 r;;\\~6-VOLT
BATTERY
KNS FE SWITCH

MATER IALS NEEDED
CARDBOARD TUBE, ABOUT 1% IN. DIAMETER, STRIP OF ALUMINUM FOIL, 4 .

1 FT. LONG {TUBE in KITCHEN TOWELING X 6 In,

OR WAX PAPER, OR MAILING TUBE) TWO TOOTHPICKS
WIRe (SucH As BELL WIRE) 6 FT. LONG ModeL T FORD INDUCTION CO4L
6-voLT a;rrcav (oR FOUR 1.5=vOLT DRY KNIFE SWITCH

CELLS
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PROCEDURE ¢

ABOUT 1% IN. FROM ONE END OF THE CARDBOARD TUBE, CUT A HOLE
1 IN. IN DIAMETER. BEGINNING 13 IN. FROM THE OTHER END OF THE TUBE,
WRAP THE STRIP OF ALUMINUM FOIL, ARRANGING THE 6=IN. DIMENSION LENGTH=
WISE WITH THE TUBE, TAPE THE FOIL IN PLACE AT THE POINT OF OVERLAP.

THRUST THE TOOTHPICKS THROUGH THE TURE, PLACING ONE JUST BELOW
AND THE OTHER JUST ABOVE THE STRIr OF FoiL, CuT Two 2-FT. PILECES OF
THE BELL WIRE. INSIDE THE TUBE, HOOK ONE PIECE ON THE TOOTHPICK
NEAR THE LOWER END OF THE ALUMINUM FOIL, AND LOOP IT TWICE AROUND
THE UPPER TOOTHPICK. THE WIRE SHOULD EXTEND UP THE MIDDLE OF THE TUBE,
AWAY FROM THE SIDES, CONNECT THE FREE END OF THE WIRE TO ONE HIGH-
VOLTAGE TERMINAL OF THE INDUCTION COIL.

STRIP ABOUT 4 IN, OF INSULATION FROM ONE END OF THE SECOND PIECE
OF WIRE. WRAP THE BARE WIRE AROUND THE ALUMINUM FOIL AT MIDPOINT,
TWISTING {¥ TO HOLD IT IN PLACE. CONNECT THE FREE END OF THIS WIRE
TO THE OTHER HIGH=VOLTAGE TERMINAL OF THE INDUCTION ColL.

COLLECTION OF DATA:

STAND THE TUBE ON END, ALUMINUM FOIL UP, HOLD AN INCENSE STICK
OR OTHER SMOKE SOURCE IN THE HOLE IN THE TUBE. OBSERVE THE SMOKE
COMING FROM THE UPPER END OF THE TUBE.

CONNECT THE COIL TO THE KNIFE SWITCH AND THE BATTERY.

WHAT HAPPENS WHEN THE KNIFE SWiTCH 1S CLOSED? WHY? WHEN IT IS
OPEN? WhY?

QUESTIONS ¢

1. BESIDES THOSE IN INDUSTRY, WHAT APPL{CATIONS FOR THE ELECTROSTATIC
PRECIPITATOR CAN YOU SUGGEST?

2. ASSUME THAT YOU WANT TO REMOVE PARTICLES LARGER THAN COLLOIDAL
SIZE FROM GASES OR AIR. [N WHAT WAYS MIGHT YOU ACCOMPLISH SUCH
REMOVAL?
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GENETI|CS
LeveL: JrR., HiGH OR HiGH ScHooL

ACTIVITY: Don't CrRowo Mc, Basy (A POPULATION GENETICS ACTIVITY)

HAVE YOU EVER BEEN ASKED, "WOULD YOU RATHER BE PAID A MILLION
DOLLARS A DAY, OR A PENNY THE FIRST DAY AND THEN DOUBLE THE AMOUNT
EACH SUCCEEDING DAY?" SINCE THE LENGTH OF TIME IS IMPORTANT,

LET'S IMAGINE THAT THIS WOULD HAPPEN FOR 33 DAYS,

1. WHICH wWOULD YOU TAKE?

LET'S SEE WHICH WAY WOULD MAKE YOU RICHER.

2. |F You TAKE A MILLION DOLLARS A DAY, HOW MUCH WOULD YOU HAVE
AT THE END OF 33 DAYS?

IF YOU TAKE A PENNY THE FIRST DAY AND DOUBLE THE AMOUNT EACH
SUCCEEDING DAY FOR 33 DAYS, HOW MUCH WOULD YOU HAVE? Use
TABLE 1 FOR YOUR CALCULATIONS AND ANSWER.

3.

A PENNY IS VERY LITTLE  COMPARED TO A MILLION DOLLARS, BuT IF You
STARTED WITH A PENNY AND DOUBLED IT EACH DAY, YOU COULD HAVE OVER
A MILLION DOLLARS IN A VERY SHORT TIME., THAT'S A LOT Gi MONEY]

A PENNY CAN GROW SO FAST BECAUSE NUMBERS INCREASE RAPIDLY WHEN
YOU DOUBLE THEM. JUST LOOK AT YOUR NUMBERS IN TABLE 1.

IN THE TIME IT HAS TAKEN YOU TO READ THIS SENTENCE (FIVE SECONDS),
ABOUT 165 MORE PEOPLE HAVE BEEN ADCED TO THE WORLD'S POPULATION., By
THE TIME YOU FINISH WORKING ON THIS INVESTIGATION, ABOUT 10,500 MCRE
PEOPLE WILL HAVE BEEN ADDED,

IF YOUR DATA FROM TABLE 1 ARE PLOTTED ON A GRAPH, IT WILL LOOK
LIKE GRAPH 1 ON THE FOLLOWING PAGE.

THE INCREASE [N THE WORLD'S POPULATION CAN BE COMPARED WITH
THE INCREASE OF THE PENNY., COMPARE GRAPH 2 WITH GRAPH 1.

WHAT HAPPENS WHEN A POPULATION BECOMES TOO CROWDED?
THE WORLD POPULATION NOW STANDS AT MORE THAN 3.5 BILLION PERSONS,

AN ALL=TIME RECORD. IF THE PRESENT UPWARD TREND CONTINUES, THIS
NUMBER WILL ALMOST DOUBLE BY THE YEAR 2000.

SCIENTISTS HAVE PREDICTED THAT WIDESPREAD HUNGER WILL STRIKE
US WITHIN THE NEXT 20 YEARS. SHOULD WE DO ANYTHING ABOUT IT?

<9
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SOME SAY WE SHOULD NOT CONTROL THE POPULATION GROWTH BECAUSE :

A SUFFIC!ENT NUMBER OF PEOPLE ARE NECESSARY TO SUPPORT A NATIONAL

ECONOMY,

IT 1s A MAN'S RIGHT TO HAVE AND TO SUPPORT CHILDREN,

POPULATION CONTROL IS A FORM OF GENOCIDE ( THE DELIBERATE DE~
STRUCTION OF A GROUP OF PEOPLE)-

THE FOOD SUPPLY CAN KEEP UP WITH THE GROWTH IN POPULATION.

OTHERS SAY WE SHOULD CONTROL THE GROWTH OF POPULATION BECAUSE:

THE GROWTH OF POPULATION W!ILL BECOME GREATER THAN THE AVAILABLE
FOOD SUPPLY IN ABOUT 15 YEARS,

IT I's BETTER TO IMPROVE THE QUALITY OF PEOPLE THAN THE QUANTITY
OF PEOPLE.

DEVELOPMENTS IN TECHNOLOGY WILL NOT KEEP UP WITH THE GROWTH [N
POPULATION,

OVERCROWDING LEADS TO A BREAKDOWN OF MAN'S ENVIRONMENT,

WHAT DO YOU THINK?

CONCEPT SUMMARY. (WHAT GENERAL CONCEPT HAVE YOU LEARNED FROM THIS

INVESTIGATION?)
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GENETICS
LeverL: HigH ScHooL

ACTIVITY: LookinGg FOR MUTATIONS (N FRUITFLIES

ProsLEM: THE BEST INTRODUCTION TO THE STUDY OF MUTATIONS 1S THE
BHEEDING OF THE FRUITFLY, DROSOPHILA MELANOGASTER.

MATER!tALS: )
12 1/2=PINT MiLk BOTTLES-USE 10 FOR CULTURE BOTTLES, 1 FOR AN ETHER=-
1ZER, AND 1 FOR A MORGUE,

CAMEL-HAIR PAINT BrusH No. 1~FOR HANDLING THE FLIES.

CoTTON AND CHEESECLOTH=FOR MAKING PLUGS.

Cork SToPPER-ABOUT No. 28, TO FIT ETHER!ZER.

YEAST=1 PKGe DRY YEAST TO 25 CC WATER.

CuLTURE MEDIUM=SEE REC|PE BELOW.

Two STRAINS OF DROSOPHILA=~ONE WILD-TYPE AND ONE "ODUMPY WING."

PROCEDURE ¢
MAKING THE EQUIPMENT: CuT 5 X 5 INCH SQUARE FROM THE CHEESECLOTH
AND FILL WITH EMOUGH COTTON TO MAKE A PLUG THAT FITS THE MILK BOTTLES, .
PLUG SHOULD FIT JUST TIGHT ENOUGH SO THAT IT WON'T FALL OUT. GLUE
SOME COTTON TO THE BOTTOM OfF THE LARGE CORK STOPPER AND FIT INTO
MILK BOTTLE; THIS IS THE ETHERIZERs. THE MORGUE IS SIMPLY A BOTTLE
WITH SOME DENATURED OR METHYL ALCOHOL IN IT TO KILL THE UNWANTED
FLIES,

HANDL ING THE FLIES: TAP THE CULTURE BOTTLE SHARPLY ON THE TABLE,
REMOVE PLUG, AND PLACE THE MOUTH OF THE ETHERIZER OYER CULTURE BOTTLE.
TAP GENTLY UNTIL ALL THE FLIES ARE tN THE ETHERIZER. PuT TWO DROPS
OF ETHER ON THE ETHER|ZER COVER; REMOVE ETHER{ZER BOTTLE FROM
CULTURE BOTTLE, REPLACING COTTON PLUG IN CULTURE BOTTLE AND ETHERI!ZER
COVER ON BOTTLE WITH THE FLIES. THIS TAKES A LiTTLE PRACTICE,

ALWAYS REMOVE FLIES FROM ETHERIZER AS SOON AS THEY ARE QUIET!
IF THE FLIES ARE OVER-ETHERIZED THEY BECOME STERILE OR DIE. |F THE
WINGS STICK STRAIGHT UP, THE FLIES ARE DEAD,

POUR THE FLIES ONTO A 3 X 5 WHITE CARD AND, USING THE FINE
PAINT BRUSH, SEPARATE THE FLIES INTO MALE AND FEMALE.

To KEEP THE STOCK CULTURE GOING PUT ABOUT 5 MALES AND 5 FEMALES
INTO A CULTURE BOTTLE WITH FRESH MEDIUM TO WHICH YEAST HAS BEEN
ADDED=ADULT FLIES EAT THE YEAST, BE SURE NOT TO DROP THE FLIES ON
THE FOOD; ALWAYS PLACE THEM ON THE PAPER=TOWEL STRIP,

Keep cuLTUREs AT T0° ToO 77°F., BEING CAREFUL NEVER TO EXPOSE
THE BOTTLES TO DIRECT SUNLIGHT. CULTURES MAY BE KEPT IN THE DARK.

El{llC 32
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THE LARVAE APPEAR !N U=7 DAYS AND THE PUPAE WILL APPEAR 1-3
DAYS AFTER THAT, OEPENDING UPON THE TEMPERATURE. TOO HIGH TEMPERATURE
WILL CAUSE STERILITY!

MATING THE FLIES, ALL GENETICS EXPERIMENTS DEPEND UPON STARTING
WITH VIRGIN FEMALES, VIRGIN FLIES ARE OBTAINED BY REMOVING ALL THE
FLIES FROM A CULTURE THAT HAS MANY FLIES EMERGING, AFTER 10 HOURS,
NEW FLIES COLLECTED WILL BE VIRGINS. DO NOT USE FLIES WMICH HAVE
NOT COMPLETELY EXPANDEO THEIR WINGS AND ARE STILL WHITE; THEY BECOME
STERILE |F ETHERIZED,

SELECT A WILD=TYPE (+} VIRGIN FEMALE AND PLACE IN A CULTURE BOTTLE
WITH TWO OUMPY=WINGED (OP) MALES. (MAKE UF TWo BOTTLES OF THIS CROSS.)
NEXT, SELECT A ODUMPY=WINGED {DP) FEMALE AND PUT IN A CULTURE BOTTLE
WITH TWO wiLo=TYPE (+) MALES. (AGAIN, MAKE A ODUPLICATE,) AFTER
3 DAYS REMOVE THESE FLIES,

THE OFFSPRING FROM THE ABOVE CROSS ARE THE F1 GENERAT!ON,
F] FEMALE IS CROSSED WITH Fq MALE TO PROOUCE THE F GENERATION, [N
AODITION, BACK CROSSES ARE MADE: F7 MALE X OP FEMALE AND F] FEMALE ‘
X OP MALE, RECORD THE RESULTS, WHAT KIND OF MUTATION IS OUMPY? 1

OTHER EXPERIMENTS: TRY SUCH MUTANTS AS WHITE EYE (W), BAR EYE
(B), ano MINIATURE (M),

INDUCED LETHAL MUTATIONS: ASK A DOCTOR OR OENTIST FRIEND TO
EXPOSE SOME (+) MALES TO VARYING DOSAGES OF X RAYS, THE TEST IS
MADE WITH MULLER-5 FL!ES, TH!S HAS TWO MAR.ZR GENES ON [T: APRICOT
eve (WA) ano Bar EYE (B). CROSS THE IRRAOIATED MALES WiTH MULLER-
5 FEMALES. CROSS THE F1 FEMALES WITH WILD-TYPE MALES. THE Fp
WILL LOOK LIKE THIS: BAR EYE FEMALES; WILD=-TYPE FEMALES; APRICOT ANO
BAR MALES~THE WILD=TYPE MALES WILL BC MISSING IF A LETHAL WAS PRESENT
ON THE X CHROMOSOME, |F THE + MALES ARE PRESENT LOOK CAREFULLY FOR
VISIBLE MUTATIONS, FOR EXAMPLE WHITE EYE,

AN EXCELLENT SOURCE BOOK : GENET|c§ NoTES,
Burcess Pus, Co, :

[ .. -

JAMEs F. Crow,
. :

"CULTURE MEDIUM RECIPE

CoRN MeAL 30 eMs DEXTROSE SYRUP 60 ML

RoLLED OATs (sLow COOKING) 8 aMs AGAR 8 ams
METHYL P~HYOROXYBENZOATE 3.5 ML VATER 500 ML

PrRopPlONIC ACiD 15 ML

BolL ROLLED OATS, SYRUP, AND AGAR IN 350 ML WATER, MIX THE REST OF
THE WATER WITH THE CORN MEAL AND ADC TO THE MIXTLRE WHEN IT STARTS TO
B0iLe STIR CONTINUOUSLY WHILE COOKING FOR 15 MINUTES. ALLOW TO
COOL FOR 5 MIN, AND ADD THE PROPIONIC ACID AND THE BENZOATE. POUR
A LAYER ABOUT 3/4 OF AN INCH DEEP [NTO THE CULTURE BOTTLES, USING
A FUNNEL SO THAT MEULIUM IS KEPT OFF THE S1DES OF THE BOTTLE, PLUG
BOTTLES AND ALLOW TO COOL. WHEN €OOL, INSERT 1x8 INCH STRIPS OF
PAPER TOWELING,

OR ORDER FORMULA 4-2l INSTANT DROSOPHILA Meolum FROM CAROLINA
BioLOGICAL SuPPLY.
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GENETICS
Lever: Hige SchooL

ACTIVITY: [INHERITANCE OF CHARACTERISTICS.

HUMANS HBAVE TWO MAIN TYPES OF ATTACHMFINT OF THE EAR TO THE FACE,
ONE TYPE WILL HAVE THE LOBE ATTACHED AND ONE WiLL HAVE THE LOBE FREE,
CHECK YOUR CLASSMATES' TYPES OF EARS UNTIL YOU CAN EASILY DISTINGUISH

ONE TYPE FROM THE OTHERe

1o WHICH EAR TYPE IS MORE PREVALENT IN YOUR CLA3S?

(THis WILL VARY WITH EACH CLASS.) HAVE EACH MEMBER OF YOUR CLASS
CHECK FIVE PEOPLE AT RANDOM, TRYING TO PICK DIFFERENT PEOPLE
FROM THOSE PICKED BY ANOTHER CLASSMATE. YoU MIGHT DO THIS BY

SURVEYING OTHER CLASSROOMS.

2¢ WHICH TYPE IS MORE PREVALENT IN YOUR SAMPLING?

(Answers wiLL VARY) FiLL IN THE PEDIGREE CHART BELOW WITH INFORe
MAT ION FROM YOUR OWN FAMILY. USE THE LETTER F FOR FREE~TYPE EARS,

AND THE LETTER A FOR ATTACHED=TYPE EARS,

Do YOU THINK THIS CHARACTERISTIC IS INHERITED?

[ ]
%THIS WILL DEPEND UPON CHART FINDINGS.) EXPLAIN

‘THE ANSWER WILL BE BASED UPON THE PEDIGREE CHART.)

GRANDPARENTS

HEREDITY CHART

GRANDPARENTS

A

O
il

AUNTS oR UNcLEs  FATHER MOTHER

AunTs OoR UNCLES

\

sl

You, BROTHERS AND SISTERS

iMaLe (i:>FEMALE TRACE OVER SQUARE OR CIRCLE TO DESIGNATE

SEX OF RELATIVE,

J4




GENETICS
LeveL: HigH SchooL

ACTIVITY: NATURAL SeLecTion StuoY

FIND TWO SHADE=LOVING PLANTS, SUCH AS IVY, AND TWO SUN=LOVING
PLANTS, SUCH AS GERAN{UMS. PUT EACH OF THE FOUR PLANTS I[N A SEPARATE
POT AND RAISE THEM IN THEIR USUAL ENVIRONMENT UNTIL THEY ARE GROWING
WELL. PLACE ONE OF EACH TYPE OF PLANT IN A PLACE WHERE THEY WILL
GET OIRECT SUNLIGHT MOST OF THE DAY, AND PLACE THE DTHER TWO IN
DARK OR OIM LIGHT. OBSERVE FOR A WEEK OR TWO, WHAT DID YOU OB~
SERVE?

EXPLAIN IN TERMS OF THE SURVIVAL OF THE FITTEST,




s

~

GENETICS
LeEveL: HteH ScHooL

ACTIVITY: MuTtaTions IN PLANTS

PROBLEM:

ONE OF THE THEORIES THAT EXPLAINS WHY PLANTS AND ANIMALS HAVE
CHANGED [S BASED ON MUTATIONS THAT MAY SUDDENLY APPEAR |N ONE
GENERATIONe WHAT IS ONE POSSIBLE CAUSE OF MUTATIONS IN PLANTS?

MATERIALS:

SEEDS OF FAST=GROWING PLANTS, SUCH AS RADISH OR CLOVER;
FLOWER POTS . HAND LENS
MARKING PENCILS SMALL BRUSH
RUBBER GLOVES GLYCERIN

ALCOHOL COLCHICINE POWDER

CAUTION: COLCHICINE 1S POISONOUS, IT MAY CAUSE SKIN IRRITATION IF
HANDLED WITHOUT RUBBER GLOVES, AND IT {S VERY DAMAGING TO THE EYES.

PROCEDURE ¢

GERMINATE SEVERAL SEEDS IN TWO FLOWER POTS. WHEN THE SEEDLINGS
ARE ABOUT ONE INCH IN HEIGHT, PAINT THE STEMS AND LEAVES OF THE
SEEDLINGS IN ONE POT WITH A SOLUTION OF 1 GRAM OF COLCHICINE IN 50
MILLILITERS OF GLYCERIN, 25 MIiLLILITERS OF ALCOHOL, AND 25 MILLI=
LITERS OF WATER. MARK THIS FLOWER POT AS EXPERIMENTAL AND MARK
THE FLOWER POT WITH THE UNTREATED PLANTS AS CONTROL, WATER BOTH
POTS REGULARLY AND ALLOW THE PLANTS TO GROW AND DEVELOP FLOWERS,
EXAMINE THE PLANTS CAREFULLY WITH THE HAND MAGNIFIER AND NOTE ANY
SIGNIFICANT DIFFERENCES,

0BSERVATIONS ¢
FILL IN THE RESULTS OF YOUR OBSERVAT!ONS IN THE TABLE BSELOW, AND
WRITE YOUR CONCLUSION.

MUTATIONS PRODUCED IN PLANTS

A

CHARACTERISTICS CONTROL PLANT EXPERIMENTAL PLANT MUTAT IONS
IN THE

LEAVES

STEMS

FLOWERS

APPLICATION:

SINCE CHEMICAL SUBSTANCES SEEM ABLE TO CAUSE MUTATIONS, AS
SHOWN IN OUR EXPERIMENT, WHAT MIGHT BE SOME CHANGES PRODUCED IN THE
OFFSPRING OF HUMANS |Ff THE MOTHER USES CERTAIN HARMFUL DRUGS WHILE
THE CHILD IS DEVELOPING?
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MICROBIOLOGY
LeveL: JUNJOR H:GH

ACTLIVITY: Can You Make "LIFE"?

MATERIALS (PER TEAM):

WATER SOURZE {NONCHLORINATEO WATER PREFERREC) (IF CHLORINATED
PLACE !N OPEN CONTAINER ANO LET IT SIT SEVERAL OAYS BEFORE USEO)

CLean JarR (PINT si2€)

DRIEO GRASS OR HAY

M1 CROSCOPE

MEO ICINE OROPPER

Mi CROSCOPE SLIOES

COVER CLASSES

PROCEOURES :
A. WASH ANO THOROUGHLY RINSE THE JAR.

Be FiLL THE JAR WITH CLEAN WATER TO WITHIN AN [NCH OF THE TOP,

C. CAREFULLY REMOVE ANY INSECTS OR OTHER VISIBLE FORMS OF LIFE
FROM A SMALL HANOFUL OF DRIEO GRASS.

D. PLACE THE ORIEO GRASS IN THE JAR OF WATER AND COVER WITH
A LOOSE=FITTING TOP,

E. PLACE THE JAR IN A PLACE WHERE T WiLL NOT BE DISTURBEO FOR
4 or 5 oavs.

F. HOLO THE JAR CONTAINING WATER ANO GRASS UP TO THE LIGHT,
WHAT DO YOU SEE?

G. WITH THE MEOICINE OROPPER, TAKE A DROP OF WATER FROM NEAR
THE TOP, AT THE EDGE OF THE JAR. PLACE THE OROP OF WATER ON
A MICROSCOPE SLIOE AND COVER WITH A COVER GLASS. ExAM{NE
UNDER THE MICROSCOPE, BEGINNING, WITH THE LOW=POWER OBJECTIVE,
MAKE A RECORO IN YOUR NOTEBOOK OF WHAT YOU SEE,

He EXAMINE WATER FROM OTHER AREAS IN THE JAR.

le« RePEAT PROCEOURES G ANO H AT THE BEGINNING OF EACH CLASS
PERIOD FOR 2 OR 3 OAYS AFTER |IT HAS SET THAT LONG,

INTERPRETATIONS @
1. COMPARE YOUR OBSERVATIONS WITH OTHERS. PREPARE A LIST OF
QUESTIONS THESE OBSERVATIONS MAY SUGGEST ABOUT WHAT IS
HAPPENING IN THE GRASS=WATER MIXTURE.

2. |F YOU SAW OBJECTS MOVING ON YOUR SLIOE. WHERE 00 YOU THIMNK
THEY CAME FROM CONSIOERING WHAT WAS PUT IN THE JAR TO START
WITH?
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Aruitoxt provided by Eic:

QuesTions FOR DISCUSSION AFTER [NVESTIGAT!ON

1.

2.

3.
4,
5.
6.
1
8

WHERE DID MOVING OBJECTS COME FROM?

ARE THE OBJECTS ALIVE?

How DO YOU DEFINE LIFE?

IF ALIVE, WHAT DO THEY NEED TO LIVE?

WHAT DETERMINES THEIR INDIVIDUAL CHARACTERISTICS?
WHAT DETERMINES HOW MANY OF EACH KIND WILL GROW THERE?
How DO THEY REPRODUCE?

How DOES THE ENVIRONMENT AFFECT THE ORGANISMS AND HOW DOES
THE ORGANISMS AFFECT THEIR ENVIRONMENT?

IF TIME ALLOWS STUDENTS TO FURTHER TEST WHERE THEY CAME FROM,
EXAMPLES MIGHT BE:

1.
2.

3.

TIGHTEN LIDS ON JARS.
Bolt WATER FIRST.

TRY DIFFERENT KINDS OF GRASS.
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MICROBIOLOGY
LeveL: Juntor HiGH

ACTIVITY: WHAT Causes THINGS TO Decay?

MATERIALS: SAND DEAD ANIMAL PARTS
VIALS DEAD PLANT PARTS
STICKS MASK ING TAPE

PROCEDURE :

TAKE ENOUGH SAND TO FILL A VIAL ABOUT 3/h FuLL. POUR IT ouT
ON A PAPER TOWEL. MOISTEN THE SAND. (DO NOT USE TOO MUCH WATER
& MAKE IT MUDDY) REPLACE THE SAND IN THE VIAL, WEDGE THE MC|ST
SAND AWAY FROM A SMALL AREA OF THE VIAL WITH A WOODEN STICK.
PLACE A DEAD INSECT, PIEGE OF MEAT, OR ANY PIECE OF AN AN!MAL IN
THIS CAVITY. GENTLY PUSH THE SAND AGAINST THE DEAD ORGANISM TO HOLD
IT IN PLACE AGAINST THE VIAL WALL SO IT CAN 3E SEEN FROM THE OUTSIDE.
ON THE OTHER SIDE OF THE VIAL DO THE SAME THING BUT THIS TIME PLACE
IN A PLANT PART, SEED OR BERRY. FINALLY THE VIiAL SHOULD BE T{GHTLY
CAPPED., HAVE EACH GROUP MARK THEIR VIAL WITH MASKING TAPE. HAVE
SOME STUDENTS PREPARE A VIAL BUT DO NOT MOISTNE THE SAND WHICH CAN
ACT AS A/ CONTROL FOR MOISTURE, HAVE STUDENTS RECORD OBSERVAT [ONS
FOR THE NEXT 3 OR 4 weeks, CAUTION STUDENTS NOT TO DIRECTLY INHALE
FROM THE VIALS.

INTERPRETATIONS ¢
1. HAVE THERE BEEN ANY CHANGES IN THE ORGANISMS?
CouLD YOU SAY THAT ANY ORGANISM DISAPPEARED?
lr so, WHERE DO YOU THINK THEY WENT?

2. WHAT CHANGES IN THE APPEARANCE OF THE WATER HAS OCCURRED?

THE SAND?
WHAT MIGHT HAVE CAUSED THE CHANGES?

v

PROCEDURES:

ALLOW STUDENTS AFTER 6 DR T WEEKS TO OPEN THE VIALS AND EXAMINE
THE CONTENTS. AFTER EXAMIN|NG THEM LET THEM USE MICROSCOPES AND
BI=SCOPES TO VIEW THE CONTENTS.

INTERPRETATIONS :
3. HAVE YOou NOTICED AN ODOR? WHERE DID THE
ODOR COM: FROM?
|DENTIFY THE NEW ORGAINISMS YOU FOUND [N THE VIAL.
WHERE DID THEY COME FROM?

OTHER POSSIBLE ACTIVITIES:
1. STubY MOLD AND SEE WHERE IT GROWS BEST, IN LIGHT OR DARK PLACES.
2. TRY THE TESTS IN PLACES OF DIFFERENT TEMPERATURES TO SEE WHAT
EFFECT IT HAS ON DECOMPOSITION,
3. USE THE LIQUID AS A FERTILIZER AND SEE HOW IT CHANGES ANOTHER
PLANTS GROWTH,
4, How DOES HUMIDITY EFFECT THE RATE OF DECAY IN AN AREA.
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MICROBIOLCGY
LeverL: Juntor HigH

ACTIVITY: INVEST!IGATION OF PLANT & ANIMAL CELLS

MATERIALS: MICROSCOPE SLIDE
COVER GLASS SCISSORS
NEWSPAPER ToOTH PicK (FLAT TYPE)
IODI{NE STAIN PIECE OF ONION

PROCEDURES: PART 1 STUDY OF ONION SKIN CELLS

CUT AN ONION LENGTHWISE, REMOVE A THICK SCALE AND PEEL THE
SKIN FROM THE INNER SURFACE. CUT A SQUARE (1/4") secTion oF skiIN
AND MOUNT IT ON A SLIDE IN A DROP OF WATER, ADD A COVER GLASS.
EXAMINE THE LIVING CELLS UNDER LOW POWER AND HiGH POWER. (A) WHAT
COLOR 1S THE LIVING PROTOPLASM? (8) Do you Finp
ANY MOTION [N THE CELL?

RAaise ONE SIDE OF THE COVER GLASS AND ADD A DROP OF 1ODINE STAIN.
THIS WILL KILL THE CELLS, BUT WILL ENABLE YOU TO SEE THEIR PARTS
MORE CLEARLY. EXAMINE THE STAINED SECTION UNDER LOW POWER. NoTe
ESPECIALLY THE CELL WALLS.AND THE NUCLEl. THESE NUCLEl APPEAR AS
YELLOWISH, SPHERICAL BODIES, (C) ARE THE CELLS IDENTICAL IN SHAPE?_ __

(0) ARE THEY SIMILAR [N GENERAL FORM? -
(€) ARE THE NUCLE! ALWAYS IN THE SAME POSITION IN THE CELL?
IN THE SPACE BELOW, DRAW A SMALL GROUP OF CELLS, MAKING EACH CELL
ABOUT AN INCH LONG, SHOW THE CELL WALL AND NUCLEUS OF EACH CELL AND
LABEL: CELL WALL; NUCLEUS.

SELECT ONE CELL WHICH SHOWS THE CONTENTS CLEARLY., MoVvE IT TO
THE CENTER OF THE MICROSCOPE FIELD. USING HIGH POWER, EXAMINE ALL
PARTS OF THE CELL. AS YOU STUDY THE CELL, SHIFT THE FOCUS WITH THE
FINE ADJUSTMENT AND NOTE THAT THE CELL HAS THICKNESS AS WELL AS
LENGTH AND WIDTH. YOU SHOULD SEE THE GENERAL CYTOPLASM FILLING
MOST OF THE CELL AND ITS OUTER EDGE, THE PLASMA MEMBRANE. THE
CAVITIES IN THE GENERAL CYTOPLASM ARE VACUOLES, EACH BOUNDED BY A
VACUOLAR MEMBRANE OF THE GENERAL CYTOPLASM. THE DROPLETS [N THE
GENERAL CYTOPLASM ARE OIL DROPLETS, DRAW A SINGLE CELL FROM THE
HIGH POWER FIELD, MAKING IT ABOUT TWO INCHES LONG. IncLUDE THE
NUCLEUS. LABEL: PLASMA MEMBRANE; GENERAL CYTOPLASM; VACUOLAR
MEMBRANE; VACUOLE; olL DROPLET; NUCLEUS,

SingLE ONtoN CELL NucLeus of Onion CELL
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IN THE SPACE TO THE RIGHT OF THIS CELL, (ON PREVIOUS PAGE) SHOW
THE NUCLEUS ENLARGED TO ABOUT THE SIZE OF A QUARTER. SHOW THE NUCLEAR
MEMBRANE, DENSE NUCLEOPLASM, AND NUCLEOLUS (THERE MAY BE SEVERAL
NUCLEOL!). LABEL: NUCLEAR MEMBRANE; NUCLEOPLASM; NUCLEOLUS

PART 2 HUMAN CHEEK:CELLS

SCRAPE THE INSIDE OF YOUR CHEEK WITH A CLEAN TOOTHPICK, SMEAR
THE MATERIAL ON A SLIDE. ADD A DROP OF IODINE STAIN AND A COVER
GLASS. EXAMINE UNDER LOW POWER, NOTING THE MASSES OF CELLS AND INDI=
VIDUAL CELLS. FIND THE OUTER EDGE OF THE GENERAL CYTOPLASM WHICH
IS HARDENED TO FORM THE PLASMA MEMBRANE. STUDY SEVERAL D|FFERENT
CELLS UNDER HIGH POWER. {F) DO THEY SEEM 7O HAVE A DEFINITE SHAPE?
(c) Do THEY APPEAR TO HAVE A CELL WALL?

(H) Is A CENTRAL VACUOLE PRESENT?
DRAW SEVERAL CELLS IN A MASS UNDER LOW POWER AND A SINGLE CELL
UNDER HIGH POWER IN THE SPACES BELOW. IN THE DRAWING FROM HIGH POWER,

LABEL: PLASMA MEMBRANE; GENERAL CYTOPLASM; NUCLEUS.

HuMAN cHeex (L.P.) HuMANn cHEEk (H.P.)
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MICROB10LOGY
Lever: HicH ScHooL

ACTIVITY: Let's BrusH THose TeetH (AN EXPERIMENT CONCERNING BACTERIA,
PROTOZOA AND FUNGI OF THE MOUTH,)

MATERIALS:
CLEAN SLIDES AND COVER GLASSES TooTH PicKks
BUNSEN BURNER METHYLENE BLUE STAIN

M1 CROSCOPE SHOULD BE EQUIPPED WITH SUBSTAGE CONDENSER, IRIS DIAPHRAGM,
10X, OBJECTIVE AND A HIGH DRY OBJECTIVE OF AT LEAST Yox,

FOR OBSERVATION OF DETAIL IN THE LARGER BACTERIA AND RESOLVING
THE SMALLER BACTERIA, AN OIL IMMERSION OBJECTIVE IS NECESSARY,

PROCEDURE ¢
OBTAINING THE SPECIMEN

PLACE A SMALL DROP OF SALIVA FROM THE MOUTH OR A DROP OF DiSe
TILLED OR TAP WATER ON A MICROSCOPE SLIDEs. WITH A TOOTHPICK,
REMOVE SOME OF THE TARTAR WHICH MAY BE PRESENT AT THE BASE OF THE
TEETH ALONG THE GUM LINE, INTROG'CE THE PICK INTO THE DROP ON THE
SLIDE, MIX THOROUGHLY AND ALLOW TO DRY,

FixaTioNn

EACH PREPARATION IS QUICKLY PASSED TWO OR THREE TIMES, THROUGH
THE FLAME OF A BUNSEN BURNER. THIS PROCEDURE "FIXES" THE BACTERIA
TO THE SLIDE AND THUS PREVENTS REMOVAL DURING THE STAINING PROCESS.

STAINING :

BACTERIA STAIN BEST WITH BASIC DYES, (1.E. COMPOUNDS OF COLOR
BASES), ONE OF THE BEST DYES FOR STAINING BACTERIA IS METHYLENE
BLUE., LOEFFLER'S METHYLENE BLUE CONTAINING ETHYL ALCOHOL AND
POTASSIUM HYDROXIDE JS MOST COMMONLY USED.

PLACE A FEW DROPS OF THE METHYLENE BLUE ON EACH PREPARED SLIDE
AND LEAVE FOR APPROXIMATELY 4=5 MINUTES, RINSE THE SLIDES BRIEFLY
IN COOL RUNNING TAP WATER FROM THE FAUCET OR DIP INTO A CONTAINER OF
WATER SEVERAL TIMES TO REMOVE THE EXCESS DYE. DRAIN THE WATER FROM
THE SLIDE AND ALLOY TO COMPLETELY DRY, |IF IN A HURRY, THE SLIDES
CAN BE BLOTTED DRY WITH FACIAL TISSUE, BEING CAREFUL NOT TO RUB OFF
THE PREPARATION,

MoUNT ING

THE BACTERIOLOGIST IN EXAMINING PREPARATIONS OF BACTERIA USUALLY
USES THE OIL IMMERSION OBJECTIVE WHICH DOES NOT REQUIRE THE USE OF
A COVER GLASS., HOWEVER, FOR USE WITH A HiGH DRY OBJECTIVE SUCH
AS THE h3x, A COVER GLASS IS NECESSARY. FOR TEMPORARY MOUNTS, A
DROP OF IMMERSION OIL CAN BE PLACED ON THE PREPARATION AND COVERED
WwITH A COVER GLASS., FOR PERMANENT PREPARATIONS, XYLOL=BALSAM OR
ONE OF THE SYNTHETIC MOUNTING MEDIA CAN BE USED.
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REMARKS ¢

BACILLUS FORMS (LACTOBACILL!) CONTRIBUTE TO DECAY OF THE TEETH
BY THEIR ACTION ON CARBOHYDRATE FOODS, ESPECIALLY SUGAR, TO PRODUCE
ACIDS. NEGLECT OF DECAY MAY LEAD TO ABSCESSED TEETH, GINGIVITIS
AND PYORRHEA, THE FUSIFORM BACILLUS AND SPIROCHETE ARE FOUND IN
VINCENT'S ANGINA, THIS ULCERATIVE INFLAMMATION 1S SOMETIMES TERMED
TRENCH MOUTH SINCE THERE WERE SO MANY INFECTIONS OF SOLDIERS DURING
WORLO WAR I,

/

THE PROTOZOA, TRICHOMONAS TENAX 6«12 MICRONS IN LENGTH, IS PRE=
SENT IN CASES OF DENTAL CARIES. ACCORDING TO ZINSSER MiICROBIOLOGY,
"TRANSMISSION OF THIS ORGANISM, NO DOUBT, USUALLY OCCURS DURING
KISSING BUT CONTAMINATED DISHES, GLASSES AND THE LIKE MAY BE -JNVOLVED
ESPECIALLY DURING MEALS WHEN THOSE BEING USED BY AN OLDER PERSON CON~=
TAIN AS WELL THE FOOD BEING GIVEN TO AN INFANT," [T IS PROBABLY
TRUE THAT MANY TYPES OF BACTERIA ARE TRANSMITTED FROM ONE PERSON
TO ANOTHER IN A SIMILAR MANNER,

IN THE CASE OF AN UNDETERMINED TYPE OF INFECTION OR FOR CON~
FIRMATION, YOUR DENTIST OR ORAL SURGEON MAY SEND A SPECIMEN TO THE
MEOICAL LABORATORY,

THE BACTERIOLOGEIST VERY OFTEN STAINS THE SPECIMEN WITH METHYLENE
BLUE EXACTLY AS DESCRIBED IN THIS EXPERIMENT. I[N ADDITION, HE MAY
USE GRAM STAIN NAMED AFTER A DANISH BACTERIOLOGIST, GRAM FOUND THAT
IF A PREPARATION WAS TREATED WITH A SOLUTION OF IODINE AFTER BEING
STAINED WITH THE BASIC DYE, CRYSTAL VIOLET, MANY KINDS OF BACTERIA
WOULD RETAIN THE VIOLET STAIN EVEN AFTER BEING TREATED WITH ALCOHOL,
THE GROUP OF BACTERIA WHICH REMAIN PURPLE ARE KNOWN AS GRAM=POSITIVE.
THOSE WHICH ARE DECOLORIZED ARE TERMED GRAM=NEGATIVE, [N ORDER THAT
THEY CAN BE SEEN AFTER DECOLORIZATION, THEY ARE COUNTERSTAINED WITH
THE RED BASIC DYE, SAFRANINe THE LACTOBACILLUS 18- AN EXAMPLE OF
A GRAM=POSITIVE BACTERIA; THE FUSIFORM BACILLUS OF A GRAMeNEGATIVE.




MICROB |OLOGY
LeveL: Hiau SchooL

ACTIVITY: THE PREPARATION AND MICROSCOPlc OBSERVATION OF STAINED
MICROORGAN SMS

PROCEDURE ¢

GENERAL PREPARATION OF SMEAR

A, CLEAN SLIDES BY APPLYING BON=AMI TO THE WET SLIDES. LET THEM
AIR DRY AND CLEAN WITH A DRY CLOTH, HoLD THE SLIDE BY GRASPING
THE EDGES.

Be WITH A WAX PENCIL DRAW A CIRCLE ABOUT THE SIZE OF A NICKEL ON
THE SLIDE. TURN THE SLIDE OVER, NOW IT IS EASY TO FIND THE
SMEAR WHILE STAINING,

C. STERILIZE A WIRE LOOP BY HEATING TO REDMESS 4N A BUNSEN FLAME,
LET THE LOOP AIR=COOL.

De WITH A STERILIZED NEEDLE TRANSFER SOME OF THE CULTURE TO A DROP
OF WATER ON THE SLIDE. MIX THE TWO TOGETHER, IF A BROTH 1§
USED TRANSFER A LOOPFUL OF SUSPENSION TO THE SLIDE,

£E. NEXT LET THE FILM AIR=DRY. THE SLIDE SHOULD NOT BE HEATED TO
SPEED UP DRYING.

Fe AFTER AIR DRIED=HEAT=FIX BY PASSING SLIDE FILM=SIDE UP QUICKLY
THROUGH THE FLAME,

G. LET THE SLIDE AIR COOL,

GRAM=STAIN PROCEDURE

A, FLOOD THE SLIDE WiTH GRAM'S CRYSTAL VIOLET, ALLOW TO STAIN 1 MiN.
B. WASH GENTLY WITH TAP WATER. .

C. FLoob THE SLIDE WITH GRAM'S JODINE, ALLOW TO ACT 1 MINUTE,

D. WASH GENTLY WITH TAP WATER.

E. RINSE SMEAR WITH GRAM'S ALCOHOL UNTIL DECoLorIZED (30 SECONDS )

Fe WASH GENTLY WITH TAP WATER.

G, COUNTER=-STAIN WITH GRAM'S SAFRANIN, ALLOW STAIN TO ACT 20 SECONDS,
He WASH GENTLY WITH TAP WATER AND BLOT DRY.

INTERPRETATIONS S

THE PRIMARY STAIN IS CRYSTAL VIOLET, THIS 1S FOLLOWED BY AN
10DINE SOLUTION THAT BEHAVES AS A MORDANT AND HELPS FIX THE PRIMARY=
DYE TO GRAM=POSITIVE ORGANISMS. THE SMEAR 1S THEN DECOLORIZED,
USUALLY WITH ALCOHOL, AND COUNTERSTAINED WITH A CONTRASTING DYE
SUCH AS SAFRANIN, ORGANISMS THAT RETAIN THE PURPLE PRIMARY STAIN

.ARE DESIGNATED GRAM=POSITIVE; GRAM=NEGATIVE CELLS LOSE THE PRIMARY

STAIN WHEN OECOLORIZED WITH ALCOHOL AND STAIN WITH THE RELATIVELY

WEAK SECONDARY PINK DYE, SAFRANIN,




MICROBIOLOGY
tever: HicH ScHooL

ACTIVITY: DEMONSTRATION OF AN ARTIFICIAL EPIDEMIC

SOME DISEASES ARE TRANSMITTED FROM MAN 8Y DIRECT CONTACT WITH
SOME CONTAMINATED OBJECT (FOM]TE)- BY STUDYING THE §NCIDENCE AND
DISTRIBUTION OF A DISEASE, VERY OFTEN THE FOCI OF INFECTION CAN BE
FOUND.,

PURPOSE ¢
To ILLUSTRATE ONE METHOD OF DISEASE TRANSMISSION,

MATERIALS:

WRAPPED CANDY KiSSES 2k HOUR BROTH CULTURE OF
STERILE SALINE SERRATIA MARCESCENS
10 ML STERILE PIPETTES 1 ML STERILE PIPETTES
TRYPTICASE SOY AGAR OR NUTRIENT AGAR STERILE PETRE PLATES
PROCEDURE

1, BEFORE PROCEEDING, PLAN THE ORDER OF HANDSHAKES FOR THE WHOLE
TABLE, FEACH STUDENT WILL BE FURNISHED WITH A WRAPPED PIECE OF
STICKY SUGAR CANDY. ONE OF THE PIECES AT EACH TABLE wliLL HAVE
BEEN CONTAMINATED WITH A CULTURE OF SERRATIA MARCESCENS. Do
NOT UNWRAP THE CANDY UNTIL YOU ARE READY TO BEGIN THIS EXPERIMENT,
A. WASH YOUR HANDS WITH SOAP AND WATER AND DRY WITH A CLEAN

PAPER TOWEL.

8. HOLD THE UNWRAPPED PIECE OF CANDY IN YOUR RIGHT HANC FOR
TWO MINUTES.

Ce SHAKE HANDS WITH ANY TWO PERSONS AT YOUR TABLE, KEEP A RECORD
IN THE FORM OF A MAP OF THE TABLE AND SHOW BY MEANS OF NUM=
BERED ARROWS WITH WHOM EACH PERSON SHOOK HANDS AND THE
CHRONOLOGICAL ORDER OF EACH HANDSHAKE. (THERE witL 8E 16
HANDSHAKES NUMBERED CONSECUTIVELY 1 To 16.)

De IMMEDIATELY AFTER SHAKING HANDS WITH TWO PERSONS PLATE THE
BACTERIA PRESENT ON YOUR HAND IN THE FOLLOWING MANNERS
le PLACE 5 ML STERILE SALINE IN A STERILE PETRI DISHe
2. TAKE A STERILE SWAB, MOISTEN IT IN THE STERILE SALINE

IN THE PETRI DISH AND SWAB THE PALM OF THE RIGHT HAND,
ENDEAVORING TO REMOVE AS MANY OF THE BACTERIA AS POSS{BLE
INTO THE SALINE IN THE PETRI DiSH.
g. PLATE 1 AND O,1 ML SAMPLE OF THE SALINE WASH,.
. Incusate AT 32° ror U8 wours.

E, INDICATE ON THE MAP OF THE DESK, THE NUMBER OF SERRATIA
MARCESCENS CULTURED FROM EACH INDIVIDUALe, TRACE THE COURSE
OF THE TEPIDEMIC" AT YOUR TABLE AND SHOW WHICH PJECE OF
CANDY WAS CONTAMINATED,

QUESTIONS

1, LIST FOUR OTHER METHODS WHEREBY DJ}SEASES ARE TRANSMITTED
TO MAN.
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MICROBIOLCGY
Lever: HigH ScHooL

ACTIVITY: 1soLATING AND TESTING ANTIBLOTIC PROOUCERS

DiSCOVERING NEW ANTIBIOTICS ANO TESTING THEM GIVES US AN OPPORTUNITY
TO LEARN NEW SCIENCE TECHNIQUES,

PROBLEM ¢

TRYING TO ISOLATE ANTIBIOTIC PROOUCERS FROM SOIL OFFERS A CHANCE
TO LEARN SOME THEORETICAL BIOLOGY, GAIN TECHNICAL SKILLS OF WIDE
APPLICATION, ANO OISCOVER SOME NEW ANTIBIOTIC. ANY SOIL SAMPLE WILL
CONTAIN BOTH BACTERIA AND FUNG! THAT PRODUCE SOME TYPE OF ANTIBIOTIC
SUB3TANCE, THE PROBLEM {S TO ISOLATE THE BEST PRODUCERS, AND TO GET
PURE CULTURES OF THESE ORGANISMS. THIS OEMANDS THE DEVELOPMENT OF
CERTAIN TECHNIQUES: WORKING UNDER STERILE CONDITIONS, MAKING THE
PROPER SELECTIVE MEDIUM FOR ISOLATING ANO GROWING THE ORGAN!SM OF
INTEREST,

MATERJIALS

PRESSURE COOKER PETR! PLATES

PIPETTES==5 ML BACTERIOLOGICAL LOOPS=w

NUTRIENT AGAR==GET THE REAOY=MADE KIND NICHROME WIRE tN A THINg *
FROM A SUPPLY HOUSE, LONG METAL HANDLE,

TEST ORGANISMe=BACILLUS=SUBT IL|S==
FROM A SUPPLY HOUSE.

PROCEOURE :

THE FOUNDATION OF ALL BACTERIOLOGICAL WORK 1S STERILE TECHNIQUE,
GLASSWARE AND INSTRUMENTS, WATER AND NUTRIENT, MUST BE FREE OF BAC~
TERIA AS WELL AS CHEMICALLY PURE, CONTAMINAT}ON=«BACTERIAL OR CHEM=
ICAL==LEAOS TO FAULTY OATA &4NO FAILURE,

THERE ARE TWO MAJOR WAYS OF STERILIZING: DRY HEAT AND AUTO-
CLAVING. GLASSWARE==PIPETTES ANO PETRI PLATES ARE STERILIZED BY
ORY HEAT. WRAP THE PLATES (5 AT A TIME, WiTH THEIR COVERS ON) IN
BROWN WRAPPING PAPER AND HEAT IN A 320°F OVEN FoR 3=4 Houms,
LIQUIOS==WATER, NUTRIENT MEDIA, ETC,==ARE STERILIZED BY STEAMING IN
A PRESSURE COOKER FOR 15 MINUTES AT 15 POUNOS PRESSURE., THE MATERIAL
SHOULO BE IN TEST TUBES OR FLASKS, PLUGGED WITH NONABSORBENT COTTONe

THE NUTRIENT AGAR MEDIA RECOMMENDED FOR THE ISOLATION OF FUNGI
ARE: MYCOLOGICAL AGAR, CZAPEK SOLUTION AGAR, CORNMEAL AGAR, OR
PRUNE AGAR, TO RESTRICT FUNG! AND ALLOW UNRESTRICTED BACTERIAL
GROWTH USE BACTO=W,L. DIFFERENTIAL Meoium (B U25).

MAKE UP THE AGAR AS OIRECTED ON THE PACKAGE, THE AGAR MUST BE
MELTEO BUT NOT TOO HOT WHEN YOU START THE EXPERIMENT,

AoD STERILE WATER TO THE VARIOUS SOIL SAMPLES AND SHAKE THOROUGHLY,
LET THE MATERIAL SETTLE BRIEFLY ANO POUR OFF THE WATER INTO A STERJILE
TEST TUBE, THIS 1S THE CONCENTRATED SOLUTION OF BACTERIAL AND FUNGAL
SPORES, THE SUCCESS OF THE EXPERIMENT OEPENDS ON GETTING THE RIGHT
DILUTION OF THIS CONCENTRATE.,




MAKE SERIAL DILuTlons ofF 1/10, 1/100, 1/1,0C0, 1/10,000, 1/100,000,
1/1,0C0,000. THis IS DONE BY STERILIZING 6 COTT N=PLUGGED TEST
TUBES CONTAINING 9 ML WATER EACHe. USING STERILE PIPETTES, MEASURE
1 ML OF THE CONCENTRATE INTO TEST TUBE # 1. THIS MAKES THE 1/10
DILUTIONs TAKE 1 ML OF THIS DILUTION AND PIPETTE IT INTO TEST TUBE
# 2, THis 1s 1/1CO DILUTION,PIPETTE 1 ML OF THIS DILUTION INTO THE
NEXT TEST TUBE AND CONTINUE IN THIS WAY UNTIL ALL THE DILUTIONS
HAVE BEEN MADE,

IN ORDER TO AVOID CONTAMINATION, AND TO KEEP THE DILUTIONS AS
ACCURATE AS POSSIBLE, IT IS WISE TO USE A CLEAN, STERILE PIPETTE
FOR EACH STEP,

PIPETTE 1 ML OF EACH DILUTION INTO SEPARATE PETR! PLATES OPENING
THE COVER JUST ENOUGH TO ALLOW THE INSERTION OF THE PIPETTE., TAKING
THE SAME CARE TO KEEP THE PLATES COVERED, POUR ENOUGH MELTED NUTRIENT
AGAR INTO THE PLATES TO COVER THE BOTTOM %0 A DEPTH OF Apout 1/M4"
AND, WITH THE COVER REPLACED, SWIRL THE PLATE SO THAT THE DILUTION
MIXTURE AND THE AGAR BECOME THOROUGHLY MIXED. SET ASIDE TO CooL
AND HARDEN, POUR SEVERAL PLATES WITH NUTRIENT AGAR ONLY AND PUT
ASIDE FOR LATER USE, ALLOW THE SEEDED PLATES TO INCUBATE, UPSIDE
DOWN, IN A WARM PLACE FOR 24 HOURS,

SELECT A PLATE WITH WELL SEPARATED COLONIES, MAKE A HEAVY SUS~
PENSION OF THE TEST ORGANISM, BAcILLUS SUBTILIS, IN STERILE WATER
AND ‘PIPETTE 1 ML ONTO THE SURFACE OF THE SELECTED PLATE, MAKE SURE
THE SUSPENSION IS EVENLY DISTRIBUTED, SET THE PIATE ASIDE TO IN=
CUBATE FOR ah HOURS, A CLEAR RING AROUND A COLONY AFTER INCUBATION
IND ICATES THAT THERE 1S ANTIBIOTIC ACTIVITY,

FLAME THE L0OP OVER A BUNSEN BURNER OR ALCOHOL LAMP UNTIL RED
HOT., LET COOL AND THEN P{CK UP SOME OF THE COLONY AND STREAK ON
A STERILE AGAR PLATE. INCUBATE FOR 2&-36 HOURS, WHEN GOOD GROWTH
IS ATTAINED, STREAK SEVERAL TEST ORGANISMS AT RIGHT ANGLES ¥O THE
GROWTH STREAK,




BuiLoING CysTODIAN

Fish CULTURE TeCHNICIAN
FORESTERY PRODUCTION TECHNICIAN
ORCHARD TECHNIGCIAN

PARKS LANC MANAGEMENT TECHNICIAN
Fooo PROCESSING TECHNICIAN
BloLoGIST

HoMe EconoMmisT

LIFE SCIENTIST

Puysiclan

REGISTERED NURSE

ELEMENTARY TEACHER

XeRAY TECHNICIAN -
Fisd CULTURE TECHNICIAN
LAs ANIMAL CARE TECHNICIAN
RANGE MANAGEMENT
BIOCHEMISTRY

CHEMIST

OCEANOGRAPHER

RECREATION LEADER
ReGISTERED NuRsE

TEACHER SECONDARY=COLLEGE
VETERINARIAN

SHOE REPA IRMAN

AGRICULTURE EXTENSSON WORK
FARMER

o1

BIOLOGY - ZOOLOGY

INVERTEBRATE :

Fisd & WILDLIFE TECHNICIAN
FORESTER

LA ANIMAL CARE TECHNICIAN
HORTICULTURIST

RANGE MANAGEMENT
BIOCHEMISTRY

CHEMIST

LANDSCAPE ARCHITECT
OCEANOGRAPHER

FRACT I CAL NURSE

SocIAL WORKER

TEACHER SECONDARY«COLLEGE

TeECHNICAL WRITER VETERINARIAN
AGRIBUSINESS TECHNICIAN DAIRY PRODUCTION TECHNICIAN
FARM CROP PRODUCTION TECHNICIAN FARMER

VERTEBRATES : ’

FisH & WILOLIFE TECHNICIAN
FORESTER

LivesTock PRODUCTION TECHNICIAN
Foop PROCESSING TECHNICIAN ’
BioLoGlsT

HoMe EconoMisT

PHYSICIAN

PRACT1CAL NURSE

ELEMENTARY TEACHER

TECHNICAL WRITER

MEAT CUTTER

AGR1BUSINESS TECHNICIAN

FARM CROP PRODUCTJON TECHNICIAN
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ZOOLOGY: INVERTEBRATE
Lever: JuNIORrR HigH

ACTIVITY: Stupyinc INSECTS AND THEIR BEHAVIOR

MATERIALS:

PROCEDURES

INSECT (MEAL WORM BEATLES ARE GOOD)
MAGNIFYING GLASS

METRIC RULER

CLock

HEAT SOURCE

LIGHT SOURCE

A. DETERMINE THE APPEARANCE OF YOUR INSECT AND ANSWER THE
FOLLOWING:

1.

2.
3.
4,
5.
6.

SI1ZE LENGTH CM
WIDTH CM

COLOR

Booy sHAPE (ROUND, FLAT OR ?)

NUMBER Of LEGS

NUMBER OF ANTENNAE

SpeEcClAL CHARACTERISTICS

B. DRAW A SKETCH OF YOUR INSECT

C. DESCRIBE WHAT YOUR INSECT DOES [N 3 MIN, PERIOD.

D. USE YOUR IMAGINATION AND INITIATIVE TO PUT YOUR INSECT IN
A NOVEL SITUATION AND CHECK ITS RESPONSE NEAR A STRONG LIGHT,
HEAT, DARKNESS, LOUD NOISES, PRODDING OR? AVOID HARMING
YOUR INSECT,

TEST YOU MADE INSECTS RESPONSE

£, |s THIS INSECT OR COULD IT BE A PEST?
How couLD 1T BE CONTROLLED?

WHAT DOES !T EAT?

WHAT OCCUPAT!ONS MIGHT BE CONCERNED |F THERE WERE MANY OF

YOUR INSECTS?

ERIC

Aruitoxt provided by Eic:
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Z00LCGY
Lever: HigH ScHoolL

ACTIVITY: THE Living INVERTEBRATE HEART

PURPOSE :

THE PURPOSE OF THIS EXERCISE IS TO OBSERVE THE BEATING INVERTE=
BRATE HEART AND THROUGH YOUR OWN OBSERVATIONS AND EXPERIMENTS TO
OETERMINE ITS RATE ANO THE EFFECTS OF CHANGES [N THE ENVIRONMENT
AND THE EFFECTS OF DRUGS ON THE RATE OF HEARTBEAT.

MATERIALS (PARTS A, B, AND €):
A SMALL BEAKER OF PONO WATER CONTAINING WIOE=MOUTHEO MEOICINE=DROPPER
DAPHNIA piPeTTE (FOR "FisHING ouT"
SLIOE AND COVER GLASS A SINGLE DAPHNIA)
SOME BRISTLES OR PIECES OF BROKEN COVER  THERMOMETER
GLASS TO SUPPORT THE COVER GLASS ANO LARGE BEAKER OF ICE, WATER,

PREVENT DAPHNIA FROM BEING CRUSHED AND SALT INTO WHICH THE
(CAUTION: IF YOU USE PIECES OF GLASS, SMALL BEAKER CONTAINING
HANGLE THEM WITH A PAIR OF FORCEPS, DAPHNIA WILL FIT IN ORDER
NOT WITH FINGERS) TO LOWER ITS TEMPERATURE
SIMILAR BEAKER CONTAINING WARM WATER SMALL DISHES INTO WHICH TO
(36°¢C) TRANSFER THE COOLED
WATCH WITH A SWEEP SECOND HAND OR WARMEO DAPHNIA
STEREOSCOPIC DISSECTING MICROSCOPE DEXEORINE SULFATE SOLUTION
CHLORPROMAZ INE SOLUT ION 5% ALconoL
GRAPH PAPER

PROCEOURE ¢
WORK IN TEAMS OF TWO STUDENTS, FOLLOWING THE SPEGIAL INSTRUCTIONS
BELOW.

PART A = THE HEARTBEAT AT RooM TEMPERATURE

STUOENT At TAKE THE TEMPERATURE OF THE WATER IN THE CONTAINER OF
DAPHNIA ANO RECORO IT IN YOUR NOTEBOOK,

STUDENT Bs PLACE ONE OF THE DAPHNJA On A SLIOE IN A OROP OF WATER,
PLACE THREE OR FOUR PIECES OF BROKEN COVER GLASS OR
BRISTLE IN Tni DROP ANO COVER WITH A COVER GLASS.
PLACE THE SLIDE UNDER THE MICROSCOPE AND BRING THE
HEART INTO FOCUS.

STUDENT A: LOOK THROUGH THE MICROSCOPE AT THE BEATING HEART AND
GET READY TO COUNT HEARTBEATS.

STUOENT B: LOOK AT THE WATCH (WITH SWEEP SECOND HAND) ANO, WHEN
READY, SAY, "Go,"

STUOENT A: BEGIN TO COUNT THE HEAKTBEATS USING THE METHOO OUT=
LINEO FOR YOU BY YOUR TEACHER.

STUCENT B: AT THE ENo OF 15 SECONDS, SAY, "Stop."

STUOENT A: COUNT THE DOFS ON YOUR PLECE OF PAPER ANO GIVE THE COUNT
TO YOUR TEAM®MATE. :

STUDENT B: MULTIPLY THE counTt BY 4 (15 seconos x U = 1 MinuTE)
AND RECORD THE CALCULATION.

REFEAT THIS PROCEOURE AT LEAST THREE TIMES., CALCULATE THE
HEARTBEATS PER MINUTE AND TAKE THE AVERAGE OF YOUR THREE TRYALS.
RECORD THIS AVERAGE COUNT §N YOUR NOTEBOOK.




ERI!

Aruitoxt provided by Eic:

PART B « THE HcARTBEAT AT OTHER TEMPERATURES

RAI1SE OR LOWER THE TEMPERATURE OF THE WATER IN THE BEAKER CONe
TAINING DAPHNIA BY PLACING THE SMALL BEAKERS CONTAINING DAPHNIA IN
EITHER THE LARGER BEAKER OF WARM WATER OR IN THE BEAKER CONTAINING
ICE, WATER, AND SALT,

PLACE THE BULB OF THE THERMOMETER IN THE SMALL BEAKER OF DAPHNIA
AND VERY GENTLY (SO AS NOT TO HARM THE DAPHNIA) ROCK THE SMALL
BEAKER TO MAKE THE TEMPERATURE OF THE WATER THE SAME THROUGHOUT
THE BEAKERe WATCH THE THERMCMETER UNTIL THE DESIRED TEMPERATURE
{S REACHED. YOUR PARTICULAR TEMPERATURE WILL BE ASSIGNED TO YOU
AS FOLLOWS.

Two TEAMS DETERMINE THE RATE OF HEARTBEAT AT 30° BELOW ROOM
TEMPERATURE BY TRANSFERRING THE DAPHNIA AND SOME OF THE COOLED WATER
TO A PREVIOUSLY COOLED DISH AND OBSERVING THE DAPHNIA UNDER THE
DISSECTING MICROSCOPE, BE SURE TO MAKE THE OBSERVATIONS BEFORE
THE TEMPERATURE RISES,

Two TEAMS DETERMINE THE RATE OF HEARTBEAT AT 25° BELOW ROOM
TEMPERATURE,

‘TWo TEAMS DETERMINE THE RATE OF HEARTBEAT AT 209BELOW ROOM
TEMPERATURE.

TWo TEAMS CETERMINE THE RATE OF HEARTBEAT AT 15° BELOW RoOOM
TEMPERATURE,

Two TEAMS DETERMINE THE RATE OF HEARTBEAT AT 10° BELOW ROOM
TEMPERATURE.

TWO TEAMS DETERMINE THE RATE OF HEARTBEAT AT 5° BELOW ROOM
TEMPERATURE,

Two TEAMS DETERMINE THE RATE OF HEARTBEAT AT 36°C,

EACH TEAM 1S TO ENTER ITS FINDINGS IN A TABLE ON THE BLACK=
BOARD PATTERNED AFTER THE ONE FOLLOWING,

! TEMPERATURE AVERAGE HEARTBEATS lNlTlAL51
]
1

]
PER MINUTE l ofF Team i
]

WHEN ALL THE DATA ARE COMPLETE, COPY THEM FROM THE BLACKBOARD
INTO YOUR OWN DATA BOOK,

USING GRAPH PAPER MAKE A GRAPH OF THE DATA, PLOTTING RATE OF
HEARTBEAT ALONG THE HORIZONTAL AXIS AGAINST TEMPERATURE ALONG THE
VERTICAL AXIS. DID ALL MEMBERS OF THE CLASS RECORD A SIMILAR RATE
OF HEARTBEAT AT ROOM TEMPERATURE? (1) AT LOWER TEMPERATURES?T (2)
AT HIGHER TEMPERATURES? (3) How DO You account Fox THis? (4)

FROM YOUR GRAPH, WHAT EFFECT DOES LOWER TEMPERATURE HAVE ON
HEARTBEAT? (5) IS THERE AN EQUAL DIFFERENCE BETWEEN EACH 5° DROP
IN TEMPERATURE, OR IS THERE A TEMPERATURE AT WHICH THE DROP 1S MORE
PRONOUNCED? (6) WHAT EFFECT DID HIGHER TEMPERATURE HAVE ON THE
HEARTBEAT? (7)

PART C ~ THe HeartBeAaT AnD CHEMIcAL CoMPOUNDS

THERE ARE A NUMBER OF SUBSTANCES KNOWN AS TRANQUILIZERS, WHICH
ARE BELJIEVED TO QUIET THE NERVES, ONE OF THESE 1S CHLORPROMAZINE,
OTHER SUBSTANCES KNOWN AS STIMULANTS HAVE AN OPPOSITE EFFECT. DEX=~
EDRINE SULFATE IS ONE OF THESE, HERE ARE SOME INVEST!GATIONS YOU
CAN MAKE. ADD TO SEPARATE MOUNTS OF DAPHNIA, CHLORPROMAZINE SOLUTION
AND DEXEDRINE SULFATE SOLUTION, INSTEAD OF WATER,

I 4




WHAT 1S THE EFFECT OF CHLORPROMAZINE ON THE HEART RATE OF
DapuntA? (8) Do ALL TRANQUILEZERS HAVE THE SAME EFFECT? (9)

WHAT 1S THE EFFECT OF DEXEDRINE SULFATE ON THE HEART RATE OF
DAPHNIA? (10) WHAT IS THE EFFECT OF 5% ALCOHOL ON THE RATE
of HEARTBEAT? (11)

CouLp DAPHNIA BE USED TO TEST THC CONCENTRATION OF TRANQU|=
L1ZERS, STIMULANTS, AND OTHER DRUGS OF UNKNOWN CONCENTRATION? (12)
BIOASSAY IS A TECHNIQUE USEING LIVING ORGAN{SMS TO DETERMINE QUANe
TITIES OF SUSPECTED MATERIALS AND EVEN TO IDENTIFY THEM,




Z00LOGY
LeveL: Hien ScHooL

ACTIVITY: ANIMAL BEHAVIOR

PurPOSE:

THE PURPOSE OF THE PRESENT EXERCISE IS TO STUDY SOME OF THE
BEHAVIORAL CHARACTERISTICS OF TWO KINDS OF INSECTS, ANI ADULT FLY
(A FRUIT FLY) AND A LARVAL FORM (CATERPILLAR) OF EITHER A MOTH OR
A BUTTERFLY. THE BEHAVIOR OBSERVED IN THESE INSECTS WILL THEN BE
COMPARED WITH SOME SIMPLE EXAMPLES OF HUMAN BEHAVIOR THAT MOST PEOPLE
MAY NOT EVEN THINK OF AS BEHAVIOR. [N CONDUCTING THESE STUDIES OF
MAN AND INSECTS, KEEP [N MIND THE POSSIBILITY THAT IN SOME RESPECTS
THE BEHAVIORAL PATTERNS MAY BE SIMILAR.

MATERIALS:

TEST TUBE CONTAINING SEVERAL FRUIT FLIES RUBBING ALCOHOL

ONE LIVING CATERPILLAR DEODORANT

PLANT MATERIAL KNOWN TO BE A SOURCE OF PARAFFIN
FOOD FOR THE CATERPILLAR AND SOME LIGHT BULBS OF DIFFERENT COLORS
PLANT MATERIAL KNOWN NOT TO BE A OR COLORED CELLOPHANE WRAPPED
SOURCE OF FOOD FOR THIS CATERPILLAR OVER WHITE LIGHT BULBS

Foop COLORING SOURCES OF HEAT AND COLD

Liquip CHLORINE BLEACH (CLOROX OR A PAPER WITH A CIRCLE OF 15=CM
SIMILAR BRAND) DIAMETER

PROCEDURE @
PART A ~ ReAcTiONs OF FRUIT FLIES TO LIGHT

HoLD THE TEST TUBE OF FRUIT FLIES HORIZONTALLY ABouT 30 cM
(1 FT) FROM A GLOWING LIGHT BULB. DO THE FLIES TEND TO MOVE TOWARD
OR AWAY FROM THE LIGHT? (1) WHEN HANDLING THE TUBE OF FLIES,
SLOWLY TURN IT VERTICALLY AND THEN HORIZONTALLY, OR AT AN ANGLE,
BUT DO NOT JAR OR TAP THE TUBE OR OTHERWISE DISTRUB THE FLIES, WHY?
(2) CHANGE THE POSITION OF THE TUBE AND HOLD IT 100 CM FROM THE
LIGHT. NOTE THE FLIES' REACTION, Is 1T THE SAME AS AT 30 cm? (3)
BY MOV ING THE TUBE CLOSER TO AND FARTHER FROM THE LIGHT, DETERMINE
THE OPTIMUM DISTANCE AT WHICH THE FLIES RESPOND TO THE STIMULUS OF
THE L1 4T. (%) WHAT Is THE MINiMUM DISTANCE? (5) WHAT IS THE
MAXIMUM DisTANCE? (6)

WHAT 00 THE ABOVE OBSERVATIONS INDICATE ABOUT FRUIT FLY BEHAVIOR
IN RELATION TO THE BRIGHTNESS OR INTENSITY OF THE LIGHT? (7)
USING COLORED LIGHT BULBS OR COLORED CELLOPHANE, DETERMINE THE RE~
ACTION OF FLIES TO LIGHTS OF DIFFERENT COLORS, DO THE FLIES REACT
EQUALLY WELL TO LIGHT OF AnY coLor? (8) Does THE POSITION CF THE
TUBE DETERMINE IN ANY WAY IN WHAT DIRECTION THE FLIES TEND TO MOVE?

(9)

IN ADDITION TO EMITTING LIGHT, THE ELECTRIC BULBS ALSO EMIT
HEAT. WHAT EFFECT DO YOU SUPPOSE THE EMISSION OF HEAT MAY HAVE
ON YOUR OBSERVATIONS GONCERNING FRUIT FLIES AND LIGHT? (10) Devise
A SIMPLE EXPERIMENT THAT WILL TEST THE REACTION OF THE FLIES TO HEAT
OR COLD ALONE BUT NOT TO LIGHT. DO THE FLIES REACT TO DIFFERENT
TEMPERATURES BY THEIR DIRECTION OF MOVEMENT? (11)




U

DO THE REACTIONS OBSERVED IN THE FLIES SEEM TO BE INBORN OR LEARNED?
(12) How couLp YOU DETERMINE WHETHER THE REACTIONS EXHIBITED BY
THE FRUIT FLIES ARE LEARNED OR INBORN? (13)

PART B = Foop ReAcTIons OF A CATERPILLAR

ON A PIECE OF PAPER MARKED WITH A 15=CM CIRCLE, ARRANGE FOUR
ITEMS OF POSSIBLE FOODS OF THE CATERPILLAR AT OPPOSITE POINTS AROUND
THE CIRCLE. USE ONE PIECE OF A PLANT NORMALLY EATEN BY THE CATER=
PILLAR, AND THREE PRECES OF DIFFERENT PLANT MATERIALS KNOWN NOT
TO BE A SOURCE OF FOOD FOR THIS INSECT. PLACE THE CATERPILLAR IN
THE CENTER OF THE CIROLE., HOW DOES THE CATERPILLAR MOVE IN RE=
SPONSE TO THE PRESENCE OF 1Ts Foop? (14) WHAT FACTORS PRESENT IN
THIS EXPERIMENT TEND TO COMPLICATE THE RESULTS AND MAKE IT LESS
AccUurATE? (15)

CONTINUE YOUR OBSERVATIONS BY ALTERING THE DISTANCES OF THE
FOOD MATERIALS FROM THE CENTER OF THE CIRCLE IN ORDER TO DETERMINE
THE DISTANCE THROUGH WHICH THE LARVA IS ABLE TO LOCATE ITS SPECIFIC

- FOOD, ROTATE THE POSITIONS OF THE VARIOUS FOOD MATERIALS DURING
THE COURSE OF THE OBSERVATIONS. WHAT IS THE POINT OF DOING THIS? (16)

PREPARE A CHART WITH THE FOUR FOOD ITEMS LISTED ACROSS THE TOP
AND THE DISTANCE FROM THE CENTER OF THE CIRCLE LISTED DOWN THE LEFT
SIDE. RECORD THE NUMBER OF TIMES THE GATERRILLAR MOVES TO EACH
FOOD SOURCE AND THE DISTANCES THROUGH WHICH IT MOVES,

WHEN THE LARVA CAN LOCATE ITS FOOD IN AT LEAST 80% OF THE
TRIALS, ASSUME THAT DISTANCE TO BE OPTIMUM, WHAT IS THIS DIS=
rance? (17) .

IN NATURE, WHAT WOULD BE THE EFFECT OF REMOVING A CATERPILLAR
A CONSIDERABLE DISTANCE FROM ITs Foop source? (18)

How DO YOU SUFPPOSE A CATERPILLAR LOCATES ITS FOOD = BY ITS ODOR,
COLOR, OR SHAPE? ATTEMPT TO ANSWER THESE QUESTIONS BY THE FOLLOWING
EXPERIMENTS

COLOR. DYE THE PLANT MATERIALS DIFFERENT COLORS WiTH FOOD COLORING

AND ATTEMPT TO DETERMINE IF COLOR PLAYS AN IMPORTANT ROLE IN

FOCD LOCATION, GIVE THE RESULTS OF THIS TEST. (19)

OpoR. TO DETERMINE IF ODOR PLAYS A PART, SOAK BITS OF THE

PLANT FOOD MATERIAL IN LIQUID CHLORINE BLEACH OR RUBBING ALCO=

HOL TO DISGUISE THE NATURAL OCGR. YOU MIGHT TRY SEVERAL BRANDS

OF STANDARD DEODORANTS, TRY DIPPING THE FOOD IN MELTED PARAFFIN,

ARE ANY OF THESE METHODS OF ALTERING THE NORMAL ODOR OF THE

PLANT SUCCESSFUL IN PREVENTING THE LARVA FROM LOCATING ITS

Foop? (20)

SHAPE. |S THE SHAPE OF THE FOOD MATERIAL OF POSSIBLE IM=

PORTANCE? DEVISE AN EXPERIMENT THAT wilLL MEASURE THE CATERFIL=

LAR'S ABILITY TO LOCATE ITS FOOD BY SIGHT ALONE; IRRESPECT{VE

OF COLOR AND ODOR. DOES FOOD SHAPE SEEM TO DETERMINE THE WAY

IN WHICH THE CATERPILLAR FINDS ITs Foop? (21)

ON THE BASIS OF YOUR EXPERIMENT, DOES THIS PARTICULAR CATER=

PILLAR LOCATE ITS FOOD PRIMARILY BY ODOR OR SiGHT? (22) Do

THESE EXPERIMENTS ADEQUATELY DEMONSTRATE THE METHOD BY WHICH

THIS PARTICULAR CATERPILLAR IS ABLE TO LOCATE ITs Foop? (23)

Q a8
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ZOOLOGY -
Lever: HigH SchooL

ACTIVITY: CAPILLARY CIRCULATION - S

PurPoOSE :

THE PURPOSE OF THIS EXERCISE IS TO SEE AND TO UNDERSTAND
THE FUNCTION OF THE CAPILLARIES AS THAT PART OF THE CIRCULA=
TORY SYSTEM WHERE EXCHANGES OF MATERIALS OCCUR BETWEEN THE
BLOODSTREAM AND THE CELLS OF THE BODY.

MATER}ALS:

GOLDFISH IN A BCWL OR AN AQUARIUM Dip NET

HALF oF A PETR{ piISsH TwO WADS OF ABSORBENT COTTON
TWO HALVES OF A MICROSCOPE SLIDE (oNE THIN AND ONE THICK)

MED ICINE=DROPPER PIPETTE COMPOUND M} CROSCOPE OR STEREO=
MILLIMETER RULER SCOPIC DISSECTING M§CROSCOPE

PROCEDURE :

SOAK THE THIN WAD OF COTTON AND SPREAD IT ON THE BOTTOM OF THE
PETRE DISH TOWARD ONE END, AT THE OTHER END PLAGE THE HALF=SLIDE,

SOAK THE THICK WAD OF COTTON IN WATER AND HAVE IT READY FOR THE
NEXT STEP, ’

USING YOUR NET, REMOVE THE FISH FROM THE WATER. PLACE IT IN
THE PETRI DISH IN SUCH A POSITION THAT ITS HEAD AND BODY LIE ON THE
MOEST COTTON AND ITS TAIL ON THE HALF=SLIDE.

Now PLACE THE THICK, SOAKED WAD OF COTTON OVER THE BODY OF THE
FISHy, AND THE OTHER HALF=-SLIDE OVER THE TAIL SO THAT THE TAIL IS
SANDWICHED BETWEEN THE TWwO,

IF THE FISH FLIPS ITS TAIL OUT, AS IT MAY, SIMPLY PUT IT BACK
BETWEEN THE GLASS SLIDES, YOU MAY HAVE TO DO THIS MORE THAN ONCE
DURING THIS STUDY., ALSO YOU WILL HAVE TO REMEMBER FROM TIME TO TIME
TO PLACE A FEW DROPS OF WATER (USING THE MEDICINE DROPPER) ON THE
COTTON TO KEEP IT MOIST CONSTANTLY,

REMOVE THE CLIPS FROM THE STAGE OF YOUR MICROSCOPE AND THEN PLACE
THE PETRI DISH ON THE STAGE SO THAT THE FISH'S TAIL IS OVER THE HOLE
IN THE STAGE,

Focus THE MICROSCOPE ON THE TAlIL. THEN MOVE THE DISH AROUND
UNTIL YOU FIND A PART OF THE TAIL IN WHICH YOU CLEARLY SEE THE
CAPILLARIES AND FLOWING BLOOD. THE CAPILLARIES ARE THE SMALLEST
IN DIAMETER OF THE BLOOD VESSELS YOU CAN SEE HERE,

Look FOR A SMALL ARTERY (ARTERIOLE) AT A POINT WHERE IT DIVIDES,
THE TWO FORKS OF THIS DIVISION ARE THE CAPILLARIES, MEASURE THE
DIAMETER OF THE ARTERIOLE, AND RECORD., (1) MEASURE THE DIAMETER
OF EACH OF THE CAPILLARIES COMING FROM THE ARTERIOLE AND RECORD EACH,
(2) Is THE suM OF THE DIAMETERS OF THE CAPILLARIES GREATER OR LESS
THAN THE DIAMETER OF THE ARTERIOLE FROM WHICH THEY AROSE? (3) In
WHICH VESSELS WOULD THERE BE THE GREATEST AMOUNT OF SURFACE FOR THE
VOLUME OF BLOOD FLOWING THROUGH, IN THE ARTERIOLE OR IN THE CAP=
ILLARIES THAT SPRING FROM IT? (5) ON THE BASIS OF THESE MEASURE=
MENTS AND YOUR OBSERVATIONS, WOULD YOU EXPECT THE BLOOD TO BE
FLOWING MORE SLOWLY OR MORE RAPIDLY IN CAPILLARIES THAN IN
ARTERIOLES FROM WHICH THE CAPILLARIES ARISE? (6) Do YOUR OBSER=
VATIONS BEAR OUT YOUR CONCLUsIoN In QuesTion 67 "(7)

. 60
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THE SMALL OBUECTS WHICH YOU SEE MOVING THROUGH THE CAPILLARIES
ARE RED BLOOD CELLSe WHAT IS THEIR SHAPE? (8) How MANY OF THEM
CAN PASS SIDE BY SIDE THROUGH THE CAPILLARIES? (9) Can you
FORMULATE A HYPOTHESIS TO ACCOUNT FOR ANY ADVANTAGE TO THE ANIMAL
IN HAVING THE RED BLOOD CELLS PASS THROUGH THE CAPILLARY AS THEY
po? (10)

TRACE A CAPILLARY IN THE DIRECTION OF THE BLOOD FLOW UNTIL IT
JOINS WITH ANOTHER ONE TO FORM A SLIGHTLY LARGER VESSEL (VENULE).
MEASURE THE LENGTH OF A TYPICAL CAPILLARY, AND RECORD, (11) DoEes
THE BLOOD MOVE MORE RAPIDLY OR LESS RAPIDLY AFTER IT FLOWS FROM THE
CAPILLARIES INTO A LARGER VENULE? {12) IS THE CIAMETER OF THE -
VENULE THE SAME OR D{FFERENT FRCM THE DJAMETER OF THE ARTERIOLE
FROM WHICH THE CAPILLARIES ARISE? (13) )

WHY 1S IT ADVANTAGEOUS THAT THE CAPILLARIES HAVE AS THIN WALLS
As possIBLE? (14) WouLD You EXPECT MUCH EXCHANGE BETWEEN RED BLOGD.
CELLS AND THE BODY CELLS IN ARTERIES OR VEINS? WHY? (15)

MEASURE THE DISTANCE BETWEEN CAPILLARIES IN THE TAlLe. WouULD=
YOU ASSUME THAT METABOLISM IS AS HIGH IN THE FISH'S TAIL AS {T WOULD
BE, FOR EXAMPLE, IN SOME OF THE BODY MUSCLES? WhY? (16) IN view

OF YOUR ANSWER TO QUESTION 16, WOULD YOU ASSUME THAT CAPILLARIES
WOULD BE CLOSER TOGETHER IN MUSCLE THAN IN THE TAIL REGION YOU ARE
0BSERVING? (17) WHAT CHARACTERISTIC OF RAW MAMMALIAN MEAT (MUSCLE)
IN GERNERAL WOULD LEAD YOU TO BELIEVE YOUR ANSWER TO QuesTion 17
RELATES TO MUSCLES IN ANIMALS OTHER THAN Fisu? (18)

61
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200L0G
Lever: HigH xcHOOL

ACTIVITY: ErFFecT oF TEMPERATURE ON GOLDFISH RESPIRATION RATE

PurPoOSE :

To DETERMINE THE INFLUENCE OF WATER TEMPERATURE ON THE RESP]Re
ATION RATE OF GOLDFISH, COLD=BLOODED ANIMALS ARE LITERALLY AT THE
MERCY OF THEIR ENVIRONMENT, LOWERING OF THE BODY TEMPERATURE IN
RESPONSE TO REDUCED TEMPERATURE OF THE ENVJRONMENT MAY RESULT IN
THE CRYSTALLIZATION OF PROTEINS IN THE BLOOD, RESULTING IN DEATH,.
AN INCREASE {N BODY TEMPERATURE MAY SPEED UP METABOLISM TO SUCH AN
EXTENT THAT THE TISSUES ARE L{TERALLY BURNED UP.

EFFECT OF WATER TEMPERATURE ON THE RESPIRATION RATE OF THE GOLDFISH.
THE RESPIRATORY CYCLE IN THE FISH 1S ACCOMPLISHED WHEN THE WATER,
LADEN WITH OXYGEN, ENTERS THE MOUTH AND IS FORCED OUT OVER THE GILL
FILAMENTS WHEN THE MOUTH 1S CLOSED., THE OXYGEN D3SSOLVED IN THE
WATER ENTERS THE CAPILLARIES, AND THE EXCESS CARBON DIOXIDE IN THE
CAPILLARIES IS RELEASED INTO THE WATERe THE OPERCULUM OPENS TO
ALLOW THE CARBON=DIOXIDE LADEN WATER TO LEAVE THE GILL CHAMBER,
THUS COMPLETING THE RESPIRATORY CYCLE. THEREFORE, THE COUNTING OF
THE MOVEMENTS OF THE OPERCULUM IS ONE METHOD OF COMPUTING THE RES-
PIRATORY RATE OF THE GOLDFISH,

MATERIALS?

ONE HALF GALLON MILK CARTONS CUT IN HALF LENGTH WISE.

GOLDF ISH; THERMOMETER THAT CAN BE IMMERSED IN WATER; CRUSHED ICE,
TIMING DEVICE; WARM WATER.

PROCEDURE AND OBSERVATJONS:

PUT A GOLDFISH IN A MILK CARTON WITH SUFFICIENT WATER TO COVER
THE DORSAL FIN., PUT A THERMOMETER AT ONE EDGE OF THE AQUARIUM SO
YOU CAN READ IT WITHOUT DISTURBING THE FISH.

[N ORDER TO REDUCE THE SHOCK FACTOR AND AVOID EXCITING THE FISH,
ADD CRUSHED |CE SLOWLY TO THE AQUARIUM. CONTINUE TO ADD THE ICE
UNTIL THE WATER TEMPERATURE IS REDUCED TO NEAR FREEZING,

Now OBSERVE THE MOVEMENT OF THE OPERCULUM COVERING THE GILLS.
USE YOUR TIMING DEVICE AND COUNT THE MOVEMENTS OF THE OPERCULUM AT
THE LOWEST TEMPERATURE FOR ONE MINUTE. RECORO THIS RATE IN THE
TAELE PROV DEDe

SLOWLY ADD WARM WATER TO THE AQUARIUM AT THE END OPPOSITE THE
THERMOMETER. REMOVE SOME OF THE WATER ANO ICE SO THAT THE WATER
VOLUME REMAINS CONSTANT. AVOID EXCITING THE FISH WHEN YOU ARE ADDING
THE WATER. . (A) EXPLAIN WHY THIS IS NECESSARY.

CONTINUE TO ADD WARM

WATER UNTIL A FIVE=DEGREE RISE IN TEMPERATURE OCCURSe WAIT A FEW
SECONDS FOR THE FISH TO ADJUST TO THE CHANGE, THEN COUNT AND RECORD
THE RATE OF OPERCULUM MOVEMENT AT THIS TEMPERATURE. CONTINUE
ADDING WARM WATER TO THE AQUARIUM, REMEMBERING THAT SOME WATER WILL
HAVE TO BE REMOVED, AND RECORD THE RATE AT EACH FIVE-DEGREE TEMPERA=
TURE INTERVAL UNTIL THE WATER TEMPERATURE REACHES 92°F, IF vou UsE
A CENTIGRADE THERMOMETER, CONVERT THIS TEMPERATURE.
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AFTER THE EXPERIMENT REMOVE THE GOLDFISH AND PLACE IT IN AN
AQUARIUM AT ROOM TEMPERATURE AND WELL AERATED, CALCULATE THE
AVERAGE RATE OF OPERCULUM MOVEMENT FOR THE GOLDFISH, RECORD IN THE
TABLE PROVIDED, AND CONSTRUCT A GRAPH BASED ON THE AVERAGES.

(B) Discuss YOUR OBSERVATIONS OF THE FISH DURING THIS EXPERIMENT.

(c) AT wHICH TEMPERATURE DID THE GREATEST NUMBER OF OPERCULUM MOVE=
MENTS QCCUR?

; DeGREES ;i FiIsH i FisH Fisu ! FisH | AVERAGE ,
. Fawrenwert : #1  #2 3 ? #l - RATE y

i

o
Y]

+1-
{

kr%
|

INTERPRETATION?
WHAT IS THE RELATIONSH!IP BETWEEN THE INCREASE IN WATER
TEMPERATURE AND RESPIRATION RATE IN THE GOLDFISH?
LIST THE FACTORS WHICH, I[N ADDITION TO WATER TEMPERATURE,
COULD INFLUENCE THE RESPIRATION RATES IN YOUR GOLDF{SHe

EXPLORF. OTHER FACTORS SUCH AS THE EFFECT OF HEAT OR EXTREMELY
COLD TEMPERATURES ON THE ENZYMES INVOLVED IN RESPIRATION, OR
THE EFFECT OF OXYGEN STARVATION ON INTERNAL TISSUES OF THE FISH.

FisH ARE ADAPTED FOR AN AQUATIC LIFE ANU LIVE IN BOTH WARM AND
COLD WATERS. IN TERMS OF YOUR RESULTS, DISCUSS HOW THE RES=
PIRATION RATES OF FISH IN THESE ENVJRONMENTS COULD VARY,




Z00LCGY
LeveL: HigH ScHooL
ACT!VITY: StupY oF PopPULATIONS
MATERIALS: GRAPH PAPER
PROCEDURE ¢

THE FOLLOWING GRAPHS COULD BE USED AS AN EXERCISE [N GRAPHING
OR TO STUDY THE GROWTH OF POPULATIONS,

DATA ON THE POPULATI{ON OF PHEASANTS ON PROTECTION ISLAND

: YeAR ' POPULATION  POPULATION
i i SI1ZE IN slize
h SPRING IN
_ FALL
boig3p 8 ko
1938 30 1 100
1939 1 90 |z ?
_19%0 300 ; 825 g
Y9l 600 ' 1520 i
—_ .
L1942 '1325 y 1900 !

RING=NECK PHEASANTS WERE INTRODUCED ON PROTECTION ISLAND, OFF
THE COAST OF WASHINGTON STATE, IN 1937. COUNTS OF THE POPULATION
WERE MADE EACH SPRING AND FALL FOR THE NEXT FIVE YEARS. PLoT
THE DATA ON GRAPH PAPER. HOW CAN YOU EXPLAIN THE REGULAR FLUCTU=
ATIONS SHOWN ON YOUR GRAPH? NOw, USING A PENCIL OF A DIFFERENT
COLOR, CONNECT ALL THE POINTS REPRESENTING SPRING COUNTS, SKIPPING
THE FALL COUNTSe WHAT DOES THIS TELL YOU ABOUT THE POPULATION?
REMEMBERING THAT THIS 1S A NATURAL POPULATION, WHAT DO YOU THINK
THE COUNTS AFTER 19&2 MIGHT HAVE SHOWN IF THEY HAD BEEN MADE?

,AVERAGE NUMBER OF

IMonTHS IMICE CAUGHT PER DATA ON A POPULATION OF

: 100 TRAPS. PER NLGHT. ENGLISH FIELD MICE IN A

iMay 1927 1 WoOoDS NEAR OXFORD, ENGLAND,

JUNE : 1.3

%gpLY ' 2.3

JAUGUST K 3

SEPTEMBER ~ 6.5 PLOT THE DATA ON GRAPH

0CTOBER > PAPER USING A VERTICAL
: 3. SCALE,

NoveMBER 2.5

DECEMBER 263

WJANUARY 1920, o

¥esruary . 545 -

[ERJi:‘ MaRCH . 5 o ‘;'q'

APRIL. Sel




PoPULATION

Days OfF coLony g

{ (in THousAND) |

0o 1 ‘
1 1.5
14 2,5

I 4 ‘
28 8
35 16
Yo | 22
49 32

{56 o5

i 63 50.3 |

{0 55 :
11 6245
84 72
91 1245
98 71
105 82

112 . B |

119 81 i

DaTA oN THE PopuULATION
tNn A CoLoNy oF Bees

PLot THE DATA ON GRAPH
PAPER ‘

WHY WOULD PEOPLE IN MOST AREAS OF BIOLOGY NEED TO HAVE AN
UNDERSTANDING OF GRAPHING AN POPULATIONS?
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BIOLOGY = BOTANY

ARCHITECTS

BtoLoGisT

DieTiTIANS

LANDSCAPE ARCHITECT
OCEANOGRAPHER

ELEMENTARY TEACHER

TecHNICAL WRITER

RaotoLogYy

AGRICULTURE EXTENSJON WORKER
FaARM CROP PRODUCTION TECHNICIAN
FisH & WILOLIFE TECHNSICIAN
FORESTER

Livestock ProoucTioN TECHNICIAN
HORTICULTURIST

RANGE MANAGEMENT

SotL SCIENTIST

CARPENTER

BIOCHEMISTRY

CHEMIST

HoME EconoMiIST

LIFE SCIENTIST

RECREATION LEADER

TEACHER SECONDARY=COLLEGE
VETERINARIAN

AGRIBUSINESS TECHNICIANS

DalrY ProoucTioN TECHNICIAN
FARMING

FisH CULTURE TECHNICIAN
FORESTERY PROOUCTION TECHNICIAN
ORCHARD TECHNICIAN

PARKS LAND MANAGEMENT TECHNICIAN
Soit CONSERVATIONIST

Foop PROCESSING TECHNICSIAN
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BOTANY
LEVEL: JuNlOR HlgH

ACTIVITY: AcTIVITIES wiTH GROWING PLANTS AROUND HOME,

TO THE TEACHER: THIS ACTIVITY IS TO PROVIDE STUDENTS AN OPPORTUN=
ITY TO EXPLORE WITH DIFFERENT PROBLEMS WHICH COULD ARISE FROM
GROWING HOUSE PLANTS. STUDENTS NEED TO PREPARE A RECORDING CHART
IN A NOTEBOOK SO THEY CAN WRITE THEIR OBSERVATIONS AS THIS PROJECT
IS CARRIED ON, ENCOURAGE STUDENTS TO WRITE WHY SOMETHING HAPPENS
RATHER THAN JUST RECORDING OBSERVATIONS. MANY REGULAR ACTIVITIES
IN CLASSROOM SOTANY CAN BE T!ED INTO THIS PROJECT.

PROCEDURE :

HAVE EACH STUDENT BRING A PLANT FROM HOME, GROW A PLANT FROM
SEEDS,; BRING AN ONION, CARROT OR SVIEET POTATO THAT CAN GROW N
WATER. EACH STUDENT SHOULD PROVIDE A CONTAINER AND PLANT. THE
TEACHER SHOULD HAVE SOIL AVAILABLE FOR THOSE WHO DO NOT HAVE IT,
STUDENTS SHOULD, WITH A PIECE OF MASKING TAPE, PUT THEIR NAMES
ON THE CONTAINERS. STUDENTS SHOULD RECORD STARTING CONDI{TIONS IN
THEIR NOTEBOOKS.

ACTIVITIES THAT YOU CAN DO WITH THIS PLANT INCLUDE:

PART 1: CONDITIONS NECESSARY FOR GROWTH OR GERMINAT{ON,
OBSERVE HOW STUDENTS WILL WATER PLANTS AND COMPARE THE
DIFFERENY EFFECTS IT HAS ON THE PLANTS, SOME MAY WANT TO TRY
GROWING THEM DARK TO SEE WHAT EFFECT THIS HAS. SOME WILL ALSO WANT
TO USE ARTIFICIAL LIGHT WHERE OTHERS WILL WANT TO USE A WINDOW
SILL TO GET SUNLIGHT. ALL OF THESE OBSERVATIONS CAN LEAD TO GOOD
DISCUSSION AS TO WHAT CAUSED THE DIFFERENCES. RECORD ALL OBSERVATIONS,

PART 2:

Buy A COMMERCIAL PLANT FERTILIZER FROM A GARDEN STORE, FoLLOW
THE DIRECTIONS ON THE CONTAINER AND MIX UP SOME FERT{LIZER AND LET
SOME EXPERIMENT BY PUTTING FERTILIZER ON THEIR HOUSE PLANTS,
OBSERVE THE DIFFERENCES, STUDENTS COULD TRY DIFFERENT AMOUNTS
EACH WEEK TO SEE WHAT HAPPENS, THE TEACHER SHOULD HAVE A PLANT
WHICH COULD BE USED AS A CONTROL OR POSSIB-Y SOME WON'T WANT TO USE
PLANT FOOD. RECORD AND DISCUSS OBSIIIVAT LIS,

PART 3: CuTTINGS AND ROGTING HORMONES

HAVE STUDENTS TAKE SEVERAL CUTTINGS FROM THEIR PLANT TO
POSSIBLY ROOT NEW PLANTSe THE TEACHER SHOULD HAVE SOME PLANTS
AVAILABLE FOR CUTTINGS IF SOME STUDENTS PLANTS HAVE DIED OR DO
NOT WANT TO LEND TO MAKE CUTTINGS. THE CLASS THEN CAN TEST EFFECTS
OF COMMERCIAL ROOTING HORMONES WHICH akZ FOUND IN GARDEN SUPPLY
STORES, TREAT SOME OF THE CUTTINGS WiTH A HORMONE LEAVING SOME
AS 1S. PLANT BOTH THE TREATED AND UNTREATED CUTTINGS IN WET SOIL,
EXAMINE THEM WEEKLY FOR ROOT DEVELOPMENT AND RECORD THE OBSERVA=
TIONS IN THE STUDENTS' NOTEBOOKS,
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PART U: RESPONSE TO PRUNING

HAVE STUDENTS SELECT ABOUT ONE HALF OF THE BRANCHES OF THEIR
PLANT AND CUT THE TIPS OFF. LEAVE THE OTHER BRANCHES UNTREATED,.
OBSERVE, COUNT ALL THE BRANCHES AND MAKE DRAWINGS OF OBSERVATIONS,
DESCRIBE THE EFFECT OF REMOVING THE TIPS FROM BRANCHES, Discuss
WHAT |S THE ADVANTAGE OF PRUNING HOUSE PLANTS,

PART 5: TRANSPLANTING

HAVE STUDENTS TRANSPLANT THEIR PLANTS FROM ONE CONTAINER TO
ANOTHER., OBSERVE WHAT HAPPENS TO PLANTS. WHY 1S A LOT OF WATER
NECESSARY IN THE NEW CONTAINER? EXPLAIN CHANGES IN THE PLANT.
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BOTANY
Lever: Juntor HicH & ABOVE

ACTIVITY: Trees ano THEIR |MPORTANCE

MATERIALS @ |OENTIFICATION OF TREES, BOOKLETS {COUNTY AGENT &
FOREST SERVICE HAVE MANY GOOO AI0S)
INK PRINT REPLICAS OF TREE LEAVES
METERSTICK
TAPE MEASURE
STRING

InTROOUCTION:

TREES ARE FOUNO EVERYWHERE, WE THINK OF TREES AS PLANTS THAT
GIVE US SHAOE ANO AOO BEAUTY TO OUR ENVIRONMENT, WE OFTEN FORGET
THAT THEY ARE PLANTS THAT OBTAIN MAXIMUM GROWTH IN A GIVEN NUMBER
OF YEARS, AFTER WHICH GROWTH IS SLOW ANO ENOS IN OECAY ANO OEATH,
HAVE THE CLASS LIST ALL THE USES FOR WO000.THAT THEY KNOW, WHAT
PARTS OR PERCENTAGE OF THEIR HOME OR SCHOOL §S CONSTRUCTEO OF wOOD
OR WO00 BY=PROOUCTS? [T HAS BEEN ESTIMATEO THAT 36 BILLION BOARO
FEET OF LUMBER ARE USEO EACH YEAR. THIS WILL, OF COURSE, INCREASE
WITH POPULATION INCREASES, DOES THIS MEAN WE WILL RUN OUT OF TREES?
IF 1T WAS NECESSARY, HOW MUCH COULO YOUR CITY PROPERTY CONTRIBUTE
TO SATISFY THIS OEMANO? HOw MUCH INCOME COULO THIS AOO TO YOUR
CITY? WHAT KIND OF PROGRAM COULO BE PUT INTO EFFECT FOR HARVESTING
ANO REPLENISHING THIS RESOURCE? USE THE FOLLOWING ACTIVITY TO SEE
IF YOU CAN ANSWER THESE QUESTIONS,

PROCEOURE :

DIVIOE YOUR CLASS INTO TEAMS OF 3=li. HAVE EACH TEAM MEMBER
SELECT 4 OR 5 LEAF PRINTS OF TREES FOUNO IN YOUR TOWN. PiCk A
OIFFERENT AREA NEAR SCHOOL OR HOME ANO ASK EACH TEAM TO FINO THE
FOLLOWING INFORMATION:

A, NAME EACH TREE FouUNo. (THIS IS NECESSARY AS EACH TYPE OF
WOCO HAS A OIFFERENT VALUE PER BOARO FOOT). EACH TEAM
MEMBER USING HIS OR HER LEAF REPLICAS SHOULO BE ABLE TO
IOENTIFY THE TREE, IF A TREE 1S FOUNO WHERE IOENTIFICATION
CANNOT BE MAOE, LEAVES ARE COLLECTEO AND BROUGHT BACK TO
CLASS FOR CLASSIFICATION THERE,

B. DETERMINE THE OIAMETER OF THE TREE AT 4 1/2 FEET ABOVE THE
GROUNO, VWITH A TAPE MEASURE OR A 'STRING MEASURE AROUNO THE
TREE (CIRCUMFERENCE) ANO THEN FIGURE DIAMETER, (OnE-THIRO
OF CIRCUMFERENCE FOR A ROUGH ESTIMATE).

C. DETERMINE THE NUMBER OF "sAw L0GS" IN EACH TRUNK. (A
"saw L0G" 1s 16 FEET LONG). THIS CAN BE OONE BY ONE MEMBER
OF THE TEAM STANOING BY THE TREE ANO THE OTHER MEMBERS
STANOING A DISTANCE FROM THE TREE, ANO COMPARE HIS HEIGHT
WITH THE TREE TRUNK,

Q .
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D, DETERMINE HOW MANY TREES HAVE LOST THEIR VALUE FOR LUMBER
BECAUSE OF OLD AGE AND DECAY, How ARE THESE TREES DISPOSED
of? Is TH!S AN ADDED COST TO THE OWNER OR CITY? ARE THERE
YOUNGER TREES GROWING IN THE AREA TO INSURE A CONTINUING
SUPPLY OF SHADE AND BEAUTY?

E. DETERMINE FROM THE FOLLOWING TABLE THE NUMBER OF BOARD
FEET PER SPECIES, CURRENT LUMBER VALUES, PER BOARD FOOT,
CAN BE OBTAINED FROM A LUMBER DEALER FOR EACH TYPE OF WOOD,
FIND THE VALUE OF LUMBER FOUND IN YOUR AREA,

SuM UP YOUR PROJECT BY COMBINING RESULTS OF ALL TEAMS, AND
PROPOSE A LOCAL HARVESTING = PLANTING PROGRAM,

Poss18LE RECORDING CHART

: . : : PRICE PER
: KIND oF TREE ; DIa, # oF Saw LOGS BoARD FEET |

THOU
& LOCATION SAND

TABLE TO 08TAIN BoarRD FEeT IN A TREE:
1. FIND COLUMN HEADED BY TREE DIAMETER YOU ESTIMATED
2. FIND LINE WITH NUMBER OF SAW LOGS YOU ESTIMATED
3. READ THE NUMBER WHERE THE COLUMN AND LINE INTERSECTS,
THiSs 1S THE BOARD=FOOT VOLUME OF THE TREE.

D1AMETER .10.11 12: 13 14, 16 18 201 22. 2L, 26 L 28§ 30

< - ——

No. | 1 39 g 59 71 _ 83*110 140 180,220 270’320 370 5 haoE
' i 1/2 - 51 oh 78 96 112 150 200. 250,300 370 uuo 1510 59
ofF ~ T =22

2 63 8¢ 98 120 <141 190 250 310 390, h7o.560! 650 ' 760

———— e a e e—— e — .

Saw 2 1/2 72 92112 138 164 220 290 370, 460! 560 660 780 900

3 127 156 186 260 340 h3o 530 6ko 770 t 900 51050
Logs . —

31/2. 201 280" 370 470! 580 710»850 noco 1160
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BOTANY
LeveL: Hiaw SchooL

ACTIVITY: EFFecTs oF VARIOUs VisiBLE LIGHT WAVELENGTHS ON THE
GROWTH OF GREEN PLANTS

PROBLEM:

DO SEED PLANTS GROW BETTER IN ONE WAVELENGTH OF LlGHT, OR DO ‘THEY
GROW EQUALLY AS WELL IN ALL WAVELENGTHS? DASICALLY, ALL WAVELENGTHS
OF THE VIS.BLE SPECTRUM CAN BE USED IN PHOTOSYNTHESIS. YOU CAN EX=
PERIMENT WITH THE RELATIVE DEGREE OF EFFECT!VENESS OF THE VARIOUS
VISIBLE LIGHT WAVELENGTHS ON THE GROWTH OF SEED PLANTS BY COVERING
GREEN PLANTS WITH SHEETS OF COLORED CELLOPHANE,

MATERIALS:
HeALTHY BEAN SEEDLINGS (4=1n.) CELLOPHANE PAPER
OTHERS MAY BE SUBSTITUTED (wHITE OR CLEAR, RED, BLVE,

GREEN).

PROCEDURE @

USE FOUR HEALTHY POTTED BEAN OR OTHER SEEDLINGSe. WRAP EACH OF
THE SEEDLINGS WITH CELLOPHANE PAPER, BE SURE TO FASTEN THE PAPER
SO THAT LIGHT FROM THE OUTSIDE DOES NOT REACH THE PLANT. OR CUT THE
TOP AND BOTTOM OUT OF MILK CARTONS, PASTE THE CELLOPHANE OVER ONE
END OF THE CARTON AND COVER THE PLANT, THE PLANT WRAPPED IN CLEAR
CELLOPHANE ACTS AS A CONTROL FOR THE EXPERIMENT, PLACE THE COVERED
PLANTS IN A WELL=LIGHTED AREA OF THE ROOM SO THAT EACH ONE RECEIVES
THE SAME AMOUNT OF LIGHT DAILY. WATER THE PLANTS REGULARLY AND ALLOW
THEM TO GROW FOR ONE WEEK. EXAMINE THE PLANTS, OBSERVING THE CONDITION
OF THE LEAVES AND STEMS, THEIR SIZE, AND INTENSITY OF CHLOROPHYLL.
PREPARE A TABLE AND RECORD YOUR RESULTS.

REMOVE A LEAF FROM EACH OF THE PLANTS, EXPERIMENTAL AND CONTROL.
Use THE JODINE TEST TO DETERMINE THE DIFFERENCE IN THE AMOUNT OF
STARCH PRODUCED BY EACH LEAF, ACCOUNT FOR ANY DIFFERENCES YOU
FOUND IN STARCH PRODUCTION,

You MIGHT EXTEND YOUR EXPERIMENTATION TO INCLUDE AN ALGA OR
SUBMERGED PLANT.

ANALYSIS AND CONCLUSIONS ¢

DiSCUSS YOUR RESULTS IN TERMS OF THE ABILITY OF THE PLANT TO
RECEIVE ENERGY FROM THE SPECIFIC COLOR AND WAVELENGTH OF RADIATION
IT WAS SUPPLIED IN THE EXPERIMENT.

WHY WOULD THE BOTANIST OR GREENHOUSE OPERATOR NEED TO UNDER=
STAND THE EFFECT OF LIGHT ON PLANTS?
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BOTANY
Lever: HigH ScHoolL

ACTIVITY: SepARATION OF THE PiGMENTS THAT OCCUR IN LEAVES
: (PAPER CHROMATOGRAPHY)
PurPOSE ¢
IN THIS EXERCISE WE SHALL USE THE SIMPLEST KIND OF CHROMATOGRAPHY

TO SEPARATE SOME OF THE PIGMENTS THAT OCCUR IN LEAVES.

MATERIALS AND EquipMenT (PER TEAM):

PaPer cLipP AcCETONE

Cork (TO FIT THE LARGER TEST TUBE) MORTAR AND PESTLE

FILTER PAPER CHEESECLOTH

Sc1sSoRs CLEANSING TISSUE

TesT TUBE, 25 X 200 MM FUnNEL

SOLVENT (é% ACETONE, 92% PETROLEUM ETHER) FUNNEL SUPPORT

TEST=TUBE RACK TesT Tuse, 18 x 150 mmM
SPINACH LEAVES PenciLs, 2

Fine sanD PIPETTE, WITH A VERY FINE TIP

PROCEDURE :

ASSEMBLE THE APPARATUS, BUT DO NOT ADD THE SOLVENT YET, BeNnD
A PAPER CLIP INTO A LONG J AND FORCE INTO THE BOTTOM OF THE CORK,
CUuT A STRIP OF FILTER PAPER SO THAT ITS WIDTH IS SLIGHTLY LESS THAN
THE INSIDE D!AMETER OF THE LARGER TEST TUBE. THE STRIP SHOULD AL~
MOST REACH THE BOTTOM OF THE TUBE, PLACE SEVERAL SPINACH LEAVES,
A LITTLE FINE SAND, AND 5 ML OF ACETONE IN THE MORTAR AND GREIND.

USE C:HEESECLOTH IN A FUNNEL, POUR FILTRATE INTO FUNNEL. COLLECT
FILTRATE IN SMALL TEST TUBE, CAP WITH CORK.

SUPPORT THE STRIP OF FILTER PAPER ACROSS TWO PENCILS. USE THE
TIP OF A PAPER CLIP TO PUT A DROP OF PIGMENT FILTRATE ON THE PAPER.
PLACE A DROP OF FILTRATE ON FILTER PAPER.

HANG STRIP ON CORK AND PLACE INTO TEST TUBE WITH SOLVENT. DO
NOT LET IT TOUCH GLASS, BE SURE SOLVENT IS BELOW THE FILTRATE SPOT.
(1 cm seLOwW).

WHEN THE UPPER EDGE OF THE SOLVENT ALMOST REACHES THE HOOK,
REMOVE THE CORK (WITH THE FILTER PAPER ATTACHED) FROM THE TUBE AND
HOLD [T UNTIL THE SOLVENT HAS DRIED.

STUDYiING THE DATA:

(1) WHAT was THE CoLOR ofF THE FILTRATE? (2) ls THERE ANY EVIDENCE
THAT MORE THAN ONE PIGMENT 1S DISSOLVED IN THE ACETONE? (3) How
MANY BANDS OF €oLcR cAN You SEe? (L) WHY CAN'T YOU SEE THESE PiGe
MENTS IN THE LEAF? (5) SUGGEST A HYPOTHESIS TO EXPLAIN THE CHANGE
OF COLOR THAT OCCURS WHEN A LEAF DJEs? (6) How DO YOU KNOW THAT
ALL THE PIGMENTS WERE SOLUBLE IN THE SOLVENT You usep? (7) From
WHAT PCINT DID ALL THE PIGMENTS START AS THE SOLVENT BEGAN TO RISE?
(8) WHAT CAN YOU SAY ABOUT THE TIME IN WHICH ALL THE PIGMENTS WERE
MOVING? (9) IN WHAT CMARACTERISTIC, THEN, MUST THE PIGMENTS HAVE
DIFFERED?

FOR FURTHER INVESTIGATION, TRY 100% ACETONE AS A SOLVENT, 100%
PETROLEUM ETHER AS A SOLVENT, USING SOME OF THE SOLVENTS LISTED
ABOVE, TRY SEPARATING OTHER PIGMENTS, SUCH AS THOSE IN THE BLACK
OR BLUE INKS OF BALL<POINT pensg ) w3
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BOTANY
Lever: HigH ScHooL

ACTIVITY: AN EXERCiSE iIN GRAFTING

PROCEDURE ¢

A TOMATO PLANT CAN BE GRAFTED ONTO A POTATO PLANT. FIRST, PLANT
A PIECE OF IRISH POTATO, MAKING CERTAIN THAT THE PIECE HAS ONE OR
MORE EYES, SO THAT IT wilL SPROUT, PLACE THE PIECE OF POTATO IN
MOIST SOIL, WATERING, BUT NOT SOAKING, WHEN NECESSARY, WHEN THE
POTATO HAS GROWN SO THAT THE STEM 1S ABOUT PENCIL THICKNESS, AND HAS
A GOOD ROOT SYSTEM, IT IS READY FOR GRAFTING.

IN THE MEANT IME, GROW A TOMATO PLANT OR YOU MIGHT GET ONE FROM
A GREENHOUSE. CHOOSE A TOMATO PLANT THAT IS ABOUT THE SAME THICKNESS
AS THE POTATO PLANT. SLICE A FOUR OR FIVE=INCH PIECE OF THE TOMATO
PLANT OFF THE TOP, SLICE THE POTATC STEM DIAGONALLY WITH AN UP=
WARD SLICE, SO THAT IT MATCHES THE CUT MADE N THE TOMATO STEM.
REMOVE MOST OF THE LEAVES FROM THE TOMATO STEM TO PREVENT LOSS OF
WATER. FIT THE PIECES TOGETHER, AND HOLD THEM TOGETHER BY MEANS OF
A TOOTHPICK INSERTED LENGTHWISE IN THE STEM,

WRAP THE GRAFT LOOSELY WITH STRINGe {HE IDEA IS TO KEEP THE
GRAFTED SECTIONS TOGETHER SO THAT THEY CAN HEAL, KEEP THE PLANT IN
A SHADY SPOT UNTHiL THE GRAFT HEALS, WHICH SHOULD BE ABOUT A WEEK.

UsSE PLENTY OF WATER, BUT DO NOT SOAK THE SOlL. LEAVE THE BINDING
MATERIAL AROUND THE GROWTH FOR ABOUT TEN TO FOURTEEN DAYS. [F you
ARE CAREFUL TO POLLINATE THE BLOSSOMS OF THE TOMATO PLANT, YOU SHOULD
BE ABLE TO HAVE BOTH TOMATOES AND A POTATO ON YOUR PLANT.

WHAT TYPE OF CAREERS WOULD YOU NEED TO KNOW HOW TO GRAFT PLANTS?
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BOTANY
LeveL: HIigH SchHoolL

ACTIVITY: How MoLeEcuLes ENTER A RooT

MATERIALS: RING STAND BATTERY JAR OR LARGE BEAKER
GLASS TuBE CORK BORER
ONE HOLE CORK PARAFFIN
MoLAssc¢s CARROT

CELL WALLS ARE ON THE OUTSIDE OF PLANT CELLS. THEY ARE NOT
SOLID WALLS, BECAUSE L1QUIDS CAN PASS THROUGH THEM. INSIDE THE
CELL WALL 1S A MEMBRANE. MOLECULES OF WATER, FOOD AND OTHER THINGS
CAN PASS THROUGH, BUT MOST THINGS LARGER THAN MOLECULES CANNOT GET
THROUGH »

DEMONSTRATION OR LAB ACTIVITY:

GET A LARGE, STRAIGHT CARROT, USING A CORK BORER REMOVE A CORE
ABOUT ONE=HALF INCH IN DIAMETER FROM THE CENTER, GOING AS DEEP AS
YOU CANe FILL THE CAVITY ALMOST FULL WITH MOLASSES,

INSERT GLASS TUBING IN A ONE~HOLE STOPPER, THEN PUT THE STOPPER
WITH THE TUBE FIRMLY INTO THE CORE OF THE CARROT, SEAL AROUND THE
TOP OF THE STOPPER WITH MELTED PARAFFINe (NOTE: [F THE CARROT
HAS BEEN CLEANED SO THAT THE ROOTLETS ARE GONE, CUT OFF THE TiP.)

ATTACH THE TUBE TO A RING STAND WITH CLAMPS, NOw PUT A JAR UNDER
THE CARROT AND FILL IT WITH WATER. MARK THE LEVEL IN THE TUBE EACH
DAY FOR TWO OR THREE DAYS. HOW DOES THIS DEMONSTRATION SHOW WHAT
HAPPENS TO WATER IN ROOTS?

WHY WOULD PEOPLE WORKING IN BOTANY NEED TO UNDERSTAND HOW
MOLECULES BEHAVE? )
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BIOLOGY - HUMAN

PHYS1CAL THERAPIST
PsyYcHoLoGisST

PracTICAL NURSE
REHABILITATION {OUNSELOR
SINGER

ELEMENTARY TEACHER
TECHNICAL WRITER
RADIOLOGIST

ASTRONAUT

CHEMIST

DENTAL HYGENIST
DIETITIANS

LIFE SCIENTIST

MepscaL Recoro LIBRARIAN
OccuPATIONAL THERAPIST
BARBER

FIREMAN

MoDEL

STEWARDESSES

DENTAL LABORATORY TECHNICIAN
OPT LCAL MrCHANIC

A

PuystcAL THERAPIST
PsycHoLOG{S"

PracTicAL NuURSE
ReHABILITATION COUNSELOR
SINGER

ELEMENTARY TEACHER
TecHNICAL WRITER
BIOCHEMISTRY

BlotoagisT

DENTIST

HoMme EconoMjsT

MEDICAL LAB WORKERS
MepicaL TECHNOLOGIST
OPTOMETRIST

BARBER

Cooks

HosPITAL ATTENDENT
STEWARDESSES

DENTAL LABORATORY TECHNICIAN

ANATOMY 3

66

BIOLOGY

PHYSICIAN

RECREATION LEADER
ReGiISTERED NURSE
RESTAURANT MANAGER

SPEECH PATHOLOGIST
TEACHER SECONDARY=»COLLEGE
X=RAY TECHNICIAN
ANTHROPOLOGY

BiorLoaisT

DANCING

DENTIST

HoMe EcCONOMiST

Mep 1cAL LAB WORKERS
Mep1cAL TECHNOLOGIST
OPTOMETRIST

CoSMETOLOGIST

HosPITAL ATTENDENT

SHow REPAIRMAN

Foob PrRocessiNG TECHNICIAN
OpticiaN

PHYSIOLOGY:

PHYSICIAN

RecreATioN LEADER
REGISTERED NURSE
RESTAURANT MANAGER

SPEECH PATHOLOGIST
TEACHER SECONDARY=COLLEGE
RapioLoGlisT

CHEMIST

DeENTAL HYGENIST
DIETITIANS

LIFE SCIENTIST

MepIcAL RecorRo LIBRARIAN
OccuPATIONAL THERAPIST
PHARAMACIST

CoSMETOLOGI ST

FIREMAN

MopEL

Fooo PrRocEssiING TECHNICIAN
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HUMAN BIOLCGY
Lever: Junior HigH

ACTIVITY: Tue LiFe Science CAREERS IN MY AREA AND HOW [MPORTANT
ARE THEY,

MATERIALS: PICTURES of PEOPLE IN LiIFE SclieENCE CAREERS
ScissoRs -
DATA SHEET

INTRODUCTION: ALL OF US HAVE CERTAIN IDEAS ABOUT PEOPLE: WHAT THEY
ARE LIKE, WHAT THEY CAN DO, IF THEY ARE IMPORTANT OR HELPFUL, Do
YOU THINK YOUR !DEAS HAVE OR WILL CHANGE ABOUT PEOPLE? [N THIs
ACTIVITY YOU CAN DISCOVER WHAT PEOPLE THINK ABOUT THE IMPORTANCE OF
LIFE SCIENCE CAREERS IN YOUR AREA. (THIS ACTIVITY CAN BE RELATED

TO ALL CAREERS.)

PROCEDURE ¢

HAVE STUDENTS IDENTIFY WHAT THEY BELIEVE ARE LIFE SCIENCE
OCCUPATIONS [N THEIR COMMUNITY, AFTER THIS IS DONE, EACH STUDENT
SHOULD DRAW OR CUT 04T PICTURES FOR 10 FLASH CARDS OF DIFFERENT
OCCUPATIONS. THEN INTERVIEW PEOPLE TO GET THEIR VIEWS., BEFORE YOU
START SHOWING THE PICTURES YOU SHOULD EXPLAIN TO THE PERSON YOU
ARE TO INTERVIEW WHAT YOU ARE GOING TO DO, MAKE SURE THEY UNDER=
STAND BEFORE YOU START. GIVE HIM OR HER A COPY OF THE DATA SHEET

SEE EXAMPLE). HAVE EACH PERSON RANK EACH OCCUPATION AS:

1) NoT AL ALL (MPORTANT; (2) NoT veRY IMPoRTANT; (3) IN THE MIDDLE;
(4) 1MPorTANT; (5) VERY IMPORTANT; AND MARK THEIR DECISION ON THE
DATA SHEET. BE SURE THE PERSON YOU INTERVIEW FILLS IN THE INFORMATION
ON AGE AND SEX ON THE DATA SHEET. YOU WILL WANT TO INTERVIEW ALOT
OF PEOPLE FROM A WIDE RANGE OF AGE GROUPS.

INTERPRETATIONS !

FIRST PLAN HOW YOU WILL ORGAN{ZE YOUR DATA. YOU MAY WANT TO
ORGAN|ZE IT BY AGE GROUPS OR ADULTS AND STUDENTS OR BOYS, GIRLS,
MEN AND WOMEN, ETC. COMPARE YOUR RESULTS. USE YOUR IMAGINATION,
TRY TO THINK OF DIFFERENT WAYS TO COMPARE THE RESULTS. CAN YOU
MAKE A BULLETIN BOARD D!SPLAY OF THE SURVEY RESULTS? Do PEOPLE's
FEELINGS ABOUT PEOPLE CHANGE AS THEY GROW oLDER? Do BOY'S FEELINGS
DIFFER FROM THOSE OF GIRLS? DO MEN'S FEELINGS DIFFER FROM THOSE OF

WOMEN?

PossiBLE LIFE Science CAREERS N MosT COMMUNITIES:

PHYSICIAN DAIRY FARMER

NURsE MEAT CUTTER

BioLoGY TEACHER FARMER

DIETITIONS RANCHER

OPTOMETRIST VETERINARIANS

DENTIST Fish & WiLoLiFe BioLoGIST
BARBER RecreaTion LEADER
CosMOTOLOGIST Mep.lcaL LAB TECHNICIAN- -
FORESTER Feeo Lot MANAGER

HORT ! CULTURIST RANGE MANAGER
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ERIC

HUMAN BIOLCGY
Lever: Juntor HigH

‘ACTIVITY: How CAN WE TEST FOODS FOR NUTRIENTS?

MATERIALS: POTATO MEDICINE DROPPER
SODA CRACKER SCALPEL
BreAD TEST TUuBES
KARO SYRULP TEST TUBE HOLDER
Miux GRADUATE
APPLE BENEDICT!S soLuTION
WATER BATH

PROCEDURE : (STARCH TEST) .

B.

CuT A POTATO AND USE A SCALPEL TO GET SOME POTATO SCRAPINGS,
PLACE A LEVEL TEASPOONFUL OF SCRAPINGS IN A TEST TUBE.

WITH A MEDICINE DROPPER, ADD JUST ENOUGH DILUTE JODINE
SOLUTION TO COVER THE POTATO SCRAPINGS IN THE TEST TUBE,
WAIT ABOUT 1 MINUTE AND THEN POUR OUT THE LIQUID AND OBSERVE
WHAT HAS HAPPENED TO THE SCRAPINGS, RECORD YOUR OBSERVATION
IN YOUR NOTEBOOK.

Do STEP B AGAIN USING THE FOLLOWING FOODS:

1/2 sopa CRACKER, 10 ML OF MILK, SMALL PIECE OF BREAD,
LEVEL TEASPOON OF APPLE SCRAPINGS, 5 ML OF SYRuP. BE SURE
TO USE A CLEAN TEST TUBE OR WASH YOUR TEST TUBE WELL AFTER
USING EACH FOOD, RECORD YOUR OBSERVATIONS,

(Suear TesT)

C.

F.

USING A GRADUATE CYLINDER, MEASURE OUT 5 ML OF WHITE KARO
SYRUP AND POUR IT INTO A TEST TUBE. ADD 5 ML OF BenepicTt's
SOLUTION,-

PLACE THE TEST TUBE IN A BOILING WATER BATH.

As SOON AS A DEFINITE COLOR CHANGE OCCURS, REMOVE THE

TEST TUBE FROM THE BEAKER. A COLOR CHANGE TO GREEN, YELLOW
OR RED INDICATES SUGAR 1S PRESENT., TEST THE OTHER FOODS
THE SAME WAY AND RECORD RESULTS IN YOUR NOTEBOOK,

INTERPRETATIONS ¢

1.
20
30

)40

DOES A POTATO CONTAIN STARCH? |F SO, HOw DO YOU KNOW?
DoES KARO SYRUP CONTAIN SUGAR? [F S0, HOW DO YOU KNOW?

IF YOU HAD SOMEONE IN YOUR HOME WHO COULD NOT EAT STARCH,
HOW COULD YOU TELL IF A CERTAIN FOOD COULD BE EATEN BY

_THAT PERSON?

TO WHAT MAIN GROUP OF NUTRIENTS DO SUG&R AND STARCH BELONG?
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HUMAN BIOLOGY
LeverL: Juntor HigH

ACTIVITY: DoEs SALIVA HAVE AN AFFECT ON STARCH?

MATERIALS: DIALYSIS MEMBRANE WATER BATH

(PErR TEAM) STARCH SOLUTION TEST TuBE
fopiNE soLuTiON TEST TUBE HOLDER
BENEDICTS SOLUTION MEDICINE DROPPERS
STRING RusBer BAND

To THE TEACHER: TH!s ACTIVITY CAN BE USED WITH A UNIT ON FOODS AND
NUTRITION TO SHOW WHY FOOD HAS TO BE BROKEN DOWNe STUDENTS SHOULD
BE ABLE TO TEST FOR SUGAR AND STARCH BEFORE THIS ACTIVITY IS RUN.
STARCH SOLUTION SHOULD BE PREPARED BY ADDING 5 Ge OF STARCH TO 500
ML OF WARM WATER. STIR THOROUGHLY, AND HEAT UNTIL THE CLOUDY MiXx=
TURE BEGINS TO CLEAR, ONE SHOULD EXPLAIN HOW THE MEMBRANE IS THE
SAME AS A CELL IN THE BODY,

Proceoures (pAy 1):
A. TEST 5 ML OF STARCH SOLUTION FOR SUGAR, USING 5 ML OF
BENEDICT'S SOLUTION. RECORD RESULTS IN YOUR NOTEBOOK.
TEST 3 ML OF SALIVA FOR SUGAR, USING 3 ML OF BeneolcT's
SOLUTION, RECORD RESULTS.

B. SECURELY TIE ONE END OF THE DJALYSIS MEMBRANE, PREPARE A
MIXTURE CONTAINING 10 ML OF STARCH SOLUTION AND U4 ML OF
SALIVA. CAREFULLY POUR THE MIXTURE INTO THE DIALYSIS MEMBRANE,
- ’ RINSE THE OUTSIDE OF THE MEMBRANE WITH CLEAN WATER,

C. PLACE THE MEMBRANE IN A TEST TUBE, OR SMALL BEAKER, SUPPORT
THE MEMBRANE BY FOLDING ITS UNTIED END OVER THE EDGE OF THE
TEST TUBE, FASTEN WITH A RUBBER BAND, MAKE SURE THE CONTENTS
DO NOT SPILL OUT THROUGH THE UNTI!ED END. FILL THE TEST TUBE
OR BEAKER WI!TH WATER,

Do NEAR THE END OF THE CLASS PERIOD, REMOVE (WITH A MEDICINE
DROPPER) ABOUT 3 ML OF THE MIXTURE FROM INSIDE THE MEMBRANE,
TEST THIS SAMPLE FOR THE PRESENCE OF SUGAR AND STARCH, AND
RECORD RESULTS ON YOUR CHARTe WITH A CLEAN MEDICINE DROPPER,
REMOVE ABOUT 3 ML OF WATER FROM THE TEST TUBE (OUTSIDE THE
MEMBRANE), AND TEST FOR STARCH AND SUGAR. RECORD RESULTS,
LEAVE THE DIALYSIS MEMBRANE IN THE CONTAINER OF WATER UNTIL
THE NEXT DAY.
ProcepbuRe (DAY 2):
AT THE BEGINNING OF THE PERIOD, REPEAT PROCEDURE D, RecCORD
RESULTS IN YOUR NOTEBOOK.,

INTERPRETATIONS ¢
1e WHAT EFFECT DID THE SALIVA SEEM TO HAVE ON STARCH?

2. WHY DO YOU THINK !IT IS IMPORTANT FOR FOOD TO BE DIGESTED INTO

SMALL PARTICLES?
\‘l
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HUMAN BIOLOGY
LeveL: TTH=10TH

ACTIVITIES:
A, MAPPING THE TASTE RECEPTORS IN THE TONGUE

CERTAIN PARTS OF THE TONGUE ARE SENSITIVE TO CERTAIN KINDS OF
TASTES, THESE FOUR TASTES ARE SALTY, SWEET, SOUR, AND BITTER,
You CAN MAP THESE AREAS ON THE TONGUE BY PLACING A SMALL AMOUNT OF
DIFFERENT TASTING SUBSTANCES ON A FRIEND'S TONGUE AND NOTING THE
AREAS WHERE HE TASTES THE SUBSTANCE.

FIRST, USE A SOLUTION OF VINEGAR IN WATER. APPLY THE SOLUTION
TO THE BACK, SIDES AND TIP OF THE TONGUE WITH A SMALL BRUSH, GLASS
ROD, OR TOOTHPICK. ASK YOUR FRIEND TO TELL YOU WHEN HE TASTES SOME=
THING. NEXT, TRY A 10 PER CENT SOLUTION OF SALT, FoLLOW WITH
ASPIRIN IN WATER FOR BITTER TASTE AND A 15 PER CENT SOLUTION OF
CANE SUGAR FOR THE SWEET TASTE. SHADE IN THE AREAS IN WHICH TASTE
RECEPTORS ARE PRESENT FOR EACH SUBSTANCE, BE SURE HE RINSES HIsS
MOUTH WITH WATER BETWEEN EACH TASTE TEST, COMPARE YOUR RESULYS
WITH THOSE OF YOUR CLASSMATES,

B. How DO THE SENSES OF SIGHT AND SMELL AFFECT THE SENSE OF TASTE?

CHOOSE FIVE FOODS THAT HAVE DISTINCT SMELLS AND TRY TO IDENTIFY
THEM WITH YOUR EYES CLOSED AND HOLDING YOUR NOSE, DESCRIBE YOUR
RESULTS BELOW.

C. HasiTs
HAVE A FELLOW STUDENT DICTATE THE FOLLOWING PARAGRPPH TO YOU
WHILE YOU COPY IT AS FAST AS YOU POSSIBLY CAN ON ANOTHER SHEET OF
PAPER
"THE TERRIBLE TANAWANDA INDIANS ENTERED THEIR TEPEES
WITH TERRIFIC HASTE., IT IS CERTAIN THAT THEY HAVE NO
FIXED PATTERNS O BEHAVIOR OR THEY WOULD NOT HAVE DONE
SO WITH SUCH A STARTLING NOISE,"
RECORD THE TIME IT TOOK YOU TO WRITE THE ABOVE PARAGRAPH
Now HAVE THE STUDENT DIGTATE THE PARAGRAPH AGAIN, BUT THIS TIME
DO NOT CROSS ANY T OR DOT ANY |, TRY TO COPY THE PARAGRAPH AS
QUICKLY AS POSSIBLE, .
RECORD THE TIME IT TOOK YOU TO WRITE THE ABOVE PARAGRAPH.
RECORD THE NUMBER OF DOTTED 1'S AND CROSSED T'S,
WHAT WERE YOU FORCING YOURSELF TO DO THE SECOND TIMZ YOU WROTE
THE PARAGRAPH (IN TERMS OF HABIT)?

WHAT IS THE VALUE OF THIS HABIT?

D. REFLEX ACTION

SIT WITH CNE LEG CROSSED LOOSELY OVER THE OTHER. STRIKE YOUR
LEG JUST BELOW THE KNEECAP WITH THE EDGE OF YOUR HANDe A REFLEX
ACTION WILL CAUSE YOUR LEG TO JERK UP. TRY_lT ON YOUR CLASSMATES
ALSO,

‘_ 82




ERIC

Aruitoxt provided by Eic:

E. SENSATION IN THE SKIN
PROBLEM ¢
WE KNOV THAT THE SENSE OF TOUCH IS LOCATED tN THE SKIN. BUT THERE
ARE NERVE ENDINGS FOR OTHER SENSATIONS THAN TOUCH IN THE SKIN,
WHERE ARE SOME OF THE DIFFERENT NERVE ENDINGS LOCATED IN THE SKIN?

MATERIALS: STRAIGHT PINS Cork
NAiLS lce
HoT WATER

PROCEDURE ¢
PUSH 'TWO PINS THROUGH A CORK SO THAT THE POINTS STICK OUT ABOUT
1/h INCH APART., BLINDFOLD A STUDENT AND PRESS THE POINTS OF THE
PINS LIGHTLY AGAINST THE SKIN ON THE FINGERS AND ON THE BACK OF
THE HAND, BE{NG CAREFUL NOT TO CAUSE PAIN, NOTE WHEN THE STUDENT y
CAN DETECT ONE POINT OR TWO POINTS. NOW USING A COLD NAIL AND A
WARM NAIL, PRESS THE POINTS OF EACH ON DIFFERENT PARTS OF THE BACK
OF THE HAND., DETERMINE WHEEN THE SENSATIONS OF COLD GR WARM CAN
BE CLEARLY FELT.

OBSERVATIONS ¢

ON A OUTLINE DRAWING OF THE HAND MARK THE PLACES WHERE THE
PRESSURE OF THE SEPARATE PIN POINTS CAN BE FELT WITH A P, THE
PLACES WHERE THE COLD NAIL CAN BE DETECTED WITH.A C, AND THE
PLACES WHERE THE WARM NAIL CAN BE FELT WITH A We COMPARE THE
NERVE~ENDING "MAPS" OF DIFFERENT STUDENTS,
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HUMAN BIOLOGY
LeEveEL: JrR. HiGH OR HigH SchHooL

ACTIVITY: LocATING THE BLIND SPGT

THERE ARE NO CONES OR RODS IN THE RETINA AT THE AREA WHERE THE
OPTIC NERVE FIBERS AND THE EYEBALL JOIN, THEREFORE, THERE 1S NO*
SIGHT AND THIS AREA |S CALLED THE BLIND SPOT.

PROCEDURE AND OBSERVATIONS:
MAKE A CROSS ON THE LEFT SIDE OF A SHEET OF PAPER. ABOUT 3
INCHES AWAY PLACE A SMALL CIRCLE., CLOSE YOUR LEFT EYE AND HOLD THE

PAPER ABOUT TWELVE INCHES FROM THE )JRIGHT EYE, LOOK AT THE CROSS;
THE CIRCLE WILL BE SEEN BY INDIRECT ViISION, GRADUALLY, BRING THE
PAPER CLOSER TO THE EYE, OR FARTHER AwWAY FROM IT, UNTIL YOU CAN

NO LONGER SEE THE CIRCLE. MEASURE THIS DISTANCE. (A) WHY DOES THE
CIRCLE DISAPPEAR AT THIS POINT?

(8) ls THE DISTANCE THE SAME FOR ALL MEMBERS OF THE CLASS?

{c) IF NOT, EXPLAIN WHY THERE 1S A DIFFERENCE,

PosiTive AND NEGATIVE AFTERIMAGES:

THE LENGTH OF TIME REQUIRED FOR A STIMULUS TO PRODUCE A SENSATION
IS VERY SHORT, HOWEVER, THE SENSATIGN LASTS A GREAT DEAL LONGER
THAW THE STIMULUS. FOR EXAMPLE, AN ELECTRIC SPARK MAY LAST ONLY
1/8,0CO,CCO OF A SECOND, YET ITS VISIBLE IMAGE LASTS MUCH LONGER,
Tuis 1S REFERRED TO AS AN AFTERIMAGE, WHEN THE AFTERIMAGE 1S THE
SAME COLOR AS THE ORIGINAL, IT IS CALLED A POSITIVE AFTERIMAGE.
NEGATIVE AFTERIMAGES APPEAR IN THE COMPLIMENTARY COLORS OF THE ORIG=

INALSS ™
MATERIALS :
WHITE LIGHT SOURCE COLORED LIGHT SOURCE
2 X 2-1NCH RED=-COLORED PAPER (ADDITIONAL SHEET OF WHITE PAPER
COLORS MAY BE USED ). SHEET OF RED PAPER (ADD=
ITIONAL COLORS MAY BE
USED ).

PROCEDURE AND OBSERVATIONS

ADAPT YOUR EYES TO THE DARK BY SITTING IN A DARKENED ROOM FOR
10 MINUTES. THEN TURN ON THE LIGHT FOR A SECOND AND LOOK AT THE
WHITE BULB. TURN OFF THE LIGHT. (A) WHAT KIND OF AFTERIMAGE
APPEARED? i
(e) How LONG DID IT LAST?
NOWw REPEAT THE EXPERIMENT SUBSTITUTING COLORED LIGHTS FOR THE WHITE
oNEs. (c) DESCRIBE WHAT HAPPENED,
(D) WHAT KIND OF AFTERIMAGE APPEARED?
CLUSE YOUR EYES AND FOLLOW THE AFTERIMAGE. (E) DOES THE AFTERIMAGE
FOLLOW THE EYE MOVEMENTS? (F) EXPLAIN YOUR ANSWER.

Now LOOK INTENTLY FOR 20-30 SECONDS AT A SMALL RED {OTHER COLORS
MAY BE SUBSTITUTED) CARD AND THEN AT A SHEET OF WHITE PAPCR. (c)
DESCRIBE WHAT HAPPENED. ’ .
(H) WHAT KIND OF AFTERIMAGE APPEARED? ~ .

¢
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LOOK AT THE RED CARD AGAIN., THEN LOOK AT A SHEET OF RED PAPER.
(1) DESCRIBE WHAT HAPPENED,

Focus YOUR EYES ON A COLORED OBJECT FOR 20-~30 seconps, LOOK AT
A WHITE SURFACE FOR A SECOND AND THEN CLOSE YOUR EYES. (J) DEscrise
WHAT HAPPENED,
(k) WHAT KIND OF AFTERIMAGE APPEARED?

WHAT CAREERS INVOLVE UNDERSTAND ING THE ANATCMY AND PHYSIOLOGY
OF THE EYE?

ERIC 85

Aruitoxt provided by Eic:




~

HUMAN BIOLCGY
Lever: HieH ScHool
ACTIVITY: ErFecTt oF Tosacco on Cert LiFe
1. SOAK TWO CIGARETTES, A CIGAR, OR A QUANTITY OF SMOKING TOBACCO
OVER NIGHT IN A TUMBLER OF WATER. FROM A CULTURE RICH IN PROTOZOA
TAKE A DROP AND PLACE IT ON A GLASS SLIDE. ADD A DROP OF TOBACCO
WATER. EXAMINE WITH LOW POWER OF A COMPOUND M!CROSCOPE,

Ae WHAT 1S THE EFFECT OF A TOBACCO SOLUTION ON PROTOZOA?

8., ACCOUNT FOR THE ACTION OF TOBACCO SOLUTION ON ONE=CELLED
LIFE.

c., DOES TOBACCO AFFECT LARGER ANIMALS LIKE MAN IN THE SAME
WAY?

D. LJDES TOBATCO SMOKING &i TARD THE GROWTH OF YOUNG PEOPLE?

E. WHY DOES THE ATHLETIC COACH FORBID THE USE OF TOBACCO BY
THE PLAYERS?

2. PLACE A GOLDFISH IN A BEAKER ONE=HELF FULL OF WATER. Aoo A
QUANTITY OF TOBACCO WATER,

A. DOES THE GOLDFISH ACT IN A NORMAL WAY?
8. How LON5 A TIME ELAPSES BEFORE HE BECOMES UNCONSClOus?
Ce DOES THE FISH RISE TO THE SURFACE OR SINK 70O THE BOTTOM?

3. As S00N AS THE GOLDFISH APPEARS TO BE YDEAD," PLACE HIM IN THE

CLEAR WATER OF THE AQUARIUM. %

R
4

A. How LONG BEFORE HE 15 NORMAL AGAIN?

8. VWHAT 1S THE EFFECT OF TOBACCO WATER ON A GOLDFISH?
c. DOES TOBACCO DO AS MUCH HARM TO MAN AS TO GOLDFISH?
D. JUST HOW DOES TOBACCC AFFECT MAN?

€. WHICH IS MORE HARMFUL, SMOKING TOBACCO OR CHEWING TOBACCO?

ERIC 86
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HUMAN BIOLOGY
LeveL: HigH SCHooL

ACTIVITY: Typing BrLooo

IT 1S A SIMPLE PROCEDURE TO TYPE YOUR BLOODe FIRST WASH THE
TIP OF YOUR MIDDLE FINGER WITH ALCOHOL. STERILIZE THE POINT OF A
NEEOLE BY HOLOING IT IN A FLAME FOR A FEW SECONDS, OR OBTAIN A
STERILE, DiISPOSABLE BLOOD LACET (FROM ANY BIOLOGICAL SUPPLY HOUSE)e
STROKE THE MIDDLE FINGER TOWARD THE TIP, PRESSING AS YOU STROKE,
UNTIL BLOOD !S FORCED TOWARD THE TIP., PRICK THE SKIN NEAR THE TiP
TO DRAW A DROP OF BLOOD.

YOUR LOCAL HOSPITAL, DRUGSTORE OR BIOLOGICAL SUPPLY HOUSE CAN
PROBABLY FURNISH YOU WITH SOME DATED SERUM CONTAINING AGGLUTININS.
PLACE ONE DROP OF ANT|=A SERUM ON ONE SIDE OF A SLIDE AND ONE DROP
OF ANTI~B SERUM ON THE OTHER SIDE. THEN PLACE ONE DROP OF BLOOD
INTO THE ANTi=A SERGM AND MIX WITH A CLEAN TOOTHPICK, USsINnG
ANOTHER CLEAN TOOTHPICK, DO THE SAME ON THE OTHER HALF OF THE SLIOE
WwiTH THE ANTI=-B SERUM. 00 NOT MIX THE TWO SERUMS WiTH THE SAME TOOTHe
PiCk. You MAY SEE {1) NO CLUMPING ON EITHER SipE, (2) CLUMPING
ON ONE OR THE OTHER SIDE, OR {3) CLUMPING ON BOTH SIDES. [N THE
SPACE BELOW, DRAW WHAT YOU SAW ON THE SLIDE YOU PREPARED.

1. [F ANTI=A CLUMPED YOUR BLOOD, BUT ANTI=B DID NOT, WHAT IS YOUR

TYPE?

2. |F ANTI=B CLUMPED YOUR BLOOD, BUT ANTI=A DID NOT, WHAT IS YOUR
TYPE?

3« |F BOTH ANT1=A AND ANTI=B CLUMPED YOUR BLOOD, WHAT IS YOUR
TYPE?

4, IF NEITHER SERUM CLUMPE) YOUR BLOOD, WHAT 1S YOUR TYPE?

To THE TeacHer: ANswer TO 1. Type A; 2. Type B; 3. Tyre AB;

4, Tyee O.

NAME THE PEOPLE IN THE MEDICAL PROFESSION, WHO SHOULD KNOW HOW TO
TYPE BLOOD,

RECIPIENT®S BLOCD + HAs ANTGENS
. AB A B 0 ; v .=_Has No ANTIGENS _ ____ .
AB ¢+ e e e Tvee At B ' 0 AB
DonARs| A + i+ - E - ! AuTt=A : + ' -« | = +
Booo | B "~ 4 - I+ - ANTi-B + = 4 o+ | - o
0 1+ tx ik P —

ERIC
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+

IN TESTING FOR BLOOD
iF BLOOD COAGGULATES WITH ANTI=A SERUMS = THE TYPE 1S A AND NoT B,
Il BLOOO COAGGULATES w!TH ANTI-B seruM = THE TYPE IS B,
IF BLOOD COAGGULATES WiITH 80TH A AND B~ THE TYPE IS AB,
IF THERE IS NO COAGGULATION = §T Is TYPe O,
RH TEST ~ |F BLOOD COAGGULATES IT IS RH POSITIVE. .
IF 1T DOES NOT COAGGULATE = §T 15 RH NEGATIVE (USING ANTI=RH SERUM. )
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STRUCTURE OF MATTER
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CHEMISTRY - STRUCTURE OF MATTER

ARCHITECTS

BiOCHEMIST

BloLoGISTS

CHEMIST

DentaL HYGENIST
DeENnTIST

DIETITIANS
ENGINEERING TECHNICIAN
CHEMICAL ENGINEER
GeoLOGIST
GeoPHYSICIST

HoMe EcCONOMIST
INousTRIAL DESIGNER
InousTRIAL TRAFFIC MANAGER
LiFE SCIENTIST

MeoicaL LAB WORKERS
Meo!cAL TECHNOLOGIST
METEROLOGI ST
OCEANOGRAPHER

PHARMACISTS

PHOTOGRAPHER

PHYSICIANS

PHYSICIST

PRACT1CAL NURSE
ReGISTERED NURSE
ELEMENTARY2TEACHER
TEACHER SECYNDARY=COLLEGE
TECHNICAL WRAiTER
VETERINARIAN ~
TELEGRAPHER

TELEPHUNER

Brick LAYER

FLoor COVERING INSTALLER
PAINTER "
PLASTERER

Roorer

StGNAL MAINTAINER
STRUCTURAL STEEL WORKER
PHOTO ENGRAVER
STATIONARY ENGINEER
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FBl AGENT

PoL1ceMEN & WOMEN

STEWARDESSES

AGRIBUSINESS TECHNCIAN
AGRICULTURE EXTENSION WORKER
DAIRY PRODUCTION TECHNICIAN
FARM=CrROP PRODUCTION TECHNICIAN
FARMER

FisH & WiLOLIFE TECHNICIAN

FisH CULTURE TECHNICIAN
FORESTER

FOorRESTERY PRODUCTION TECHNICIAN
LivesTock PRODUCTION TECHNICIAN
ORCHARD TECHNICIAN
HORTICULTURIST

PARKS LAND MANAGEMENT TECHNICIAN
RANGE MANAGEMENT .
Soir. CONSERVATIONIST

Soit SCIENTIST

ELECTROPLATER

Foop PROCESSING TECHNICIAN
CoMPOsING RooM OPERATOR
INDUSTRIAL MAINTENANCE MECHANIC
INSTRUMENT MAKER

MAcHINE TooL OPERATOR

PATTERN MAKER

Toor & DYE MAKER

DeENTAL LABORATORY TEZHNICIAN
JEWLERS & JEWEL REPAIRMEN
OPTICIAN

OpPTicAL MECHANIC

CeMeENT MASON

GLAZIER

PAPER HANGER

PLUMBER-PIPE FITTER

SHEET METAL WORKER

STONE MASON

WELDER

PoweER PLANT OPERATOR




STRUCTURE OF MATTER
LeveL: Junior HigH

ACTIVITY: INVESTIGATION PHYsicAL & CHEMICAL PROPERTIES OF UNKNOWNS

MATERIALS: SUGAR (oTHER POWDERS WHICH COULD BE USED)
TABLE SALT GROUND ALKASELTZER
BAKING SODA TOOTH POWDER
CORNSTARCH PLASTER OF PARIS
DRY POWDERED MILK (AnY oTHER "wHITE" POWDER)
5 PLASTIC PAILS BLACK CONSTRUCTION PAPER
PLASTIC SPOONS HAND LENSES
SMALL PAPER CUPS | VINEGAR (WHITE)
ALUMINUM FOIL 10DINE DILUTE
EYEDROPPERS STERNO CANS

WOODEN CLOTHES PIN swewoseo-< (SQUEEZE TYPE)

ProceEDURE:
HAVE STUDENTS PREPARE IN THE!R NCTEBOOKS OR ON A SHEELT OF PAPER
A LAB RECORD!NG SHEET,

1
PowpeRr WHAT | THINK WHY | THINK SO
NuMBER IT IS

HAVE STUDENTS NUMBER 5 CUPS. THE TEACHER SHOULD HAVE 5 D!FFERENT
. MYSTERY POWDERS IN PAIL IN THE BACK OF ROOM. HAVE STUDENTS GET

MATERIALS IN THEIR CUPS, ON THE FIRST DAY LET THEM ONLY USE THEIR
SENSES TO TRY TO GUESS WHAT THE POWDER IS, STUDENTS SHOULD RECORD
ANY GUESS ON THE LAB SHEET AND WHY THEY THINX SO. AFTER THE CLASS
HAS INVESTIGATED THE POWDERS DISCUSS ALL OF THE CLASS GUESSES AND
REASONS., |F POSSIBLE RECORD THE CHOICES ON THE BOARD FOR FUTURE
REFERENCE,

NEXT HAND OUT TO STUDENTS ONE HALF SHEET OF 8LACK CONSTRUCTION
PAPER AND A CUP OF WATER. LET STUDENTS INVESTIGATE PROPERTIES WITH
THESE MATERIALS, THEY SHOULD REVISE THEIR GUESSES AND REASONS AFTER
THIS IS DONE, REMIND STUDENTS THEY ARE TO FIND PROPERTIES OF A .
CERTAIN POWDER SO THEY CAN {DENTIFY IT IF IT IS MIXED WITH OTHER
POVIDERS,

IN THE NEXT SESSION STUDENTS SHOULD USE VINEGAR, I[ODINE AND HEAT,
TO CHECK SOME OF THE CHEM!CAL PROPERTIES. WHEN U3ING HEAT, CUPS TO
HOLD POWDERS OVER THE FLAME SHOULD BE FORMED OUT OF TINFOIL AND
THEN HELD OVER THE FIRE WITH CLOTHES PINS. AFTER THESE TESTS,
STUDENTS SHOULD HAVE IDENTIFIED THE POWDERS AND HAVE WAYS TO TELL THEM
APART. [F THEY CAN NOT TELL WHAT THEY ARE, THEY SHOULD BE TOLD,

IN THE NEXT SESSION MIX THE POWCERS AND SEE IF THE STUDENTS CAN
TELL WHICH POWDERS ARE IN THE MIXTURES FROM THE TESTS THEY HAVE RUN

EARLIER, s)()
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STRUCTURE OF MATTER
LEvVEL: Junior HiagH

ACTIVITY: WHAT 1s THE DIFFERENCE BETWEEN A MIXTURE AND A COMPOUND?

MATERIALS: TEASPOON RING STAND WITH CLAMP
SuLFur (s) PYREX TEST TUBE
Iron FiLings (Fe) FILTER PAPER
CarBon DISULFIDE (CSp) RAG OR CLOTH
EVAPORATING DISH BunSEN BURNER
GLASS FUNNEL HAMMER

PROCEDURE :

A, THOROUGHLY MIX 1 TEASPOON OF SULFUR WITH 1/2 TEASPOON OF
IRON FILINGS IN A TEST TUBE. POUR SOME CARBON DISULFIDE
(CS,) on TH!s MixTuRe, CAUTION: DO NOT HAVE A BUNSEN
BURﬁER GOING WHILE THE CARBCN DISULFIDE IS BEING USED,

B. FILTER THE RESULTING MIXTURE THROUGH A FILTER PAPERe.

C. MIX A SECOND MIXTURE OF SULFUR AND IRON, AS YOU DID BEFORE,
HEAT TO A HIGH TEMPERATURE. ROTATE THE TEST TUBE AS YOU
HEAT THE MIXTURE, SO THE TEST TUBE WILL HEAT EVENLY AND
WILL NOT BREAK., HEAT UNTIL THE MIXTURE SHOWS NO MORE
ACTIVITY. (DO NOT BREATHE THE FUMES, ) THE MIXTURE WILL
BEGIN TO GLOW AS THE CHEMICAL REACTION BEGINS,

D. LET THE TEST TUBE COOL. WRAP IT IN A CLOTH. BREAK IT WITH
A HAMMER. THE CLOTH WILL PREVENT THE GLASS FROM FLYING.
THE COMPOUND WILL THEN BE OUT OF THE TEST TUBE.

E. POUR SOME CARBON DISULFIDE ON THIS COMPOUND, AS YOU DID IN
STEP Ae TRY TO SEPARATE THE IRON FROM THE SULFUR BY FILTERING,

WHAT DO WE SEE? ..

1. DESCRIBE WHAT HAPPENED {N STEP A,

2. WHY WAS THE FILTER PAPER NECESSARY?

£

L
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3. DESCRIBE WHAT YOU SAW AS THE IRON ANO SULFUR MIXTURE WAS
HEATEO TO A HIGH TEMPERATURE,

M. DESCRIBE WHAT THE IRON AND SULFUR LOOKED LIKE AFTER THE
CHEMICAL REACTION CAUSED BY HEATING HAD TAKEN PLACE,

5« COULO YOU SEPARATE THE IRON FROM THE SULFUR IN STEp E?
IF nOoT, wHY nOT?

WHAT DO WE LEARN?

1. EXPLAIN HOW THE IRON WAS CHANGEO IN THIS EXPERIMENT AFTER
THE IRON AND SULFUR MIXTURE WAS HEATEO TO A HIGH TEMPERATURE.

2., COMPLETE THE FOLLOWING EQUATION:

Fe + S
(tron)  (suLFur) (1RON SULFOE)

3. How 00 YOU KNOW IRON SULFIOE IS A CCMPOUNO?

4. Does IRON SULFIOE LOOK LIKE CITHER IRON OR SULFUR? [F NOT,
HOW 1S IT DIFFERENT?

S5e WHAT IS A MIXTURE?
6. WHY WERE THE IRON FILINGS ANO SULFUR A MIXTURE RATHER THAN

A COMPOUNO?

O
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STRUCTURE OF MATTER
Lever: HieH SchooL

ACTIVITY: Growing CRYSTALS

PrROBLEM:
CRYSTALS ARE USED FOR MANY PURPOSES [N SCIENTIFIC RESEARCH AND IN
INDUSTRY. FOR MANY PURPOSES, CRYSTALS GROWN UNDER CAREFULLY CON=
TROLLED CONDITIONS ARE MORE VALUABLE THAN CRYSTALS FOUND IN NATURE
How CAN CRYSTALS BE GROWN IN THE LABORATORY?

MATERIALS:

ALuM (POTASSIUM ALUMINUM SULFATE) CLEAN GLASS JARS WITH SCREW
PAN LiDS

HoT PLATE OR BURNER MAGNIF LER

ForecEPS SEWING THREAD

SOFT cLOTH

PROCEDURE :

Pour 100 GRAMS OF ALUM INTO A JAR CONTAINING 500 ML OF WATER.
PUT THE JAR IN A PAN OF WATER AND HEAT THE PAN AND THE JAR, BUT
DO NOT HEAT THE WATER TO THE BOILING POINT. STIR THE SOLUTION
UNTIL ALL THE ALUM 1S DISSOLVED, POUR SOME OF THIS SOLUTION INTO

TWO SMALL JARS TO A DEPTH OF ABOUT 1 CM AND LET THESE STAND FOR A

FEW DAYS UNTIL SMALL SEED CRYSTALS BEGIN TO FORMe AS YOU SEE NICELY
SHAPED CRYSTALS FORMING, CAREFULLY REMOVE THE MOST REGULARLY=SHAPED
ONES WITH A FORECEPS AND DRY THEM ON A PAPER TOWEL.

SEAL THE JAR CONTAINING THE BALANCE OF THE STGCK SOLUTION AND
PUT IT IN'A CLOSET WHERE THE TEMPERATURE REMAINS ABOUT THE SAME
(AvVolD EXTREME CHANGES IN TEMPERATURE FOR THE SOLUTIONS IN THIS
ENTIRE EXPERIMENT). LEAVE THE JAR UNTIL SOME OF THE ALUM BEGINS TO
SEPARATE ONTO THE BOTTOM OF THE JAR. [F THIS DOES NOT HAPPEN IN
ABOUT TWO DAYS, ADD A FEW SMALL PIECES OF ALUM AND 3TIR THE SOLU=
TION UNTIL THEY DISSOLVE.

POUR CFF THE CLEAR LIQUID INTO A QUART JAR AND ADD ABOUT 25 MORE
GRAMS OF ALUM. HEAT AND STIR AS BEFORE TO OBTAIN A SATURATED SOLUTION,
CUT A PIECE OF CARDEDARD TO FIT INSIDE THE LID OF THE JAR, PASS A
THREAD THROUGH THE CARDBOARD, AND TAPE THE THREAD IN PLACE, THE
THREAD SHOULD BE LONG ENOUGH TO REACH ABOUT HALFWAY INTO THE SOLUTION,
WHEN THE SOLUTION HAS COOLED, TIE A SEED CRYSTAL TO THE BOTTOM OF
THE THREAD (OR FASTEN IT WITH A DROP OF AIRPLANE GLUE) AND HANG THE
SEED CRYSTAL IN THE SOLUTION, CHECK THE JAR TWO OR THREE TIMES
DURING THE NEXT HOUR TO BE SURE THE SEED CRYSTAL IS STILL IN PLACE

PLACE THE JAR IN A PLACE WHERE IT WILL NOT BE DISTURBED AND
WHERE THE TEMPERATURE 1S EVEN., WIPE THE GROWING CRYSTAL EACH DAY
WITH A SOFT CLOTH TO PREVENT THE GROWTH OF SECONDARY CRYSTALSe
WHEN THE CRYSTAL HAS REACHED THE SIZE WANTED, REMOVE IT FROM THE
JAR, WIPE |IT DRY WITH A CLEAN CLOTH, AND STORE IN A BOX LINED
WIJH COTTON.
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OBSERVATIONS :

WHAT IS THE SHAPE OF THE ALUM CRYSTAL?

How DOES THE SHAPE OF THE CRYSTAL COMPARE TO THAT OF THE SEED
CRYSTAL?

WHAT IS MEANT BY A SATURATED SOLUTION?

WHERE DOES THE MATERIAL FOR THE GROWTH OF THE CRYSTAL COME FROM?
/

5¢ WHAT OTHER CHEMICAL SALTS DO YOU THINK WILL FORM CRYSTALS FROM
A SOLUTION?

INTERPRETATION

FiLL IN THE BLANK WORDS N THE FOLLOWING PARAGRAPH IN THE NUMBERED
SPACES AT THE RIGHT.

MOST MINERALS ARE CRYSTALLINE IN STRUCTURE. THAT Teescovecssccoss
ts THE (1) or (2) MAKING UP THE CRYSTAL ARE ARRANGED
IN DEFINITE GEOMETRIC PATTERNSe EACH SURFACE OF A
CRYSTAL IS CALLED A (3), AND THE EDGES WHERE THESE 3eesccescscascse
JOIN FORM THE (4). THere aRe (5) BASIC CRYSTAL sys= 4
TEMS, THESC MAY BE DESCRIBED IN TERMS OF HOW THEIR
(6), IMAGINARY LINES SHOWING THE DIRECTION IN WHICH Dreerersationocs

6
1

2...............

THE ATOMS OR MOLECULES ARRANGE THEMSELVES, ARE
ARRANGEDs WHEN THREE AXES OF EQUAL LENGTH MEET AT
900 ANGLES, THE CRYSTAL FORMS A CUBE AND IS CALLED
(7)e A COMMON CRYSTAL EXAMPLE OF THIS SYSTEM IS .
sHowN IN (8). iF THE THREE AXES ARE OF UNEQUAL SRR

LENGTH AND CROSS EACH CTHER AT ANGLES OTHER THAN Peeresrnoeresne
90°, THE CRYSTAL SYSTEM 1s cALLeD (9). A common {0 J
MINERAL WHICH IS AN EXAMPLE OF THIS Is (10).

APPLICATION:

1o EXPLAIN WHY A SOLID METAL, SUCH AS A BAR OF IRON OR COPPER,
CAN BE CHANGED IN SHAPE BY STRETCHING OR HAMMERING.

2. WHAT CAREERS DO YOU THINK WOULD NEED TO KNOW SOMETHING ABOUT
CRYSTAL GROWTH?

ERI!
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STRUCTURZ OF MATTER
Lever: HIGH SCHoou

ACTIVITY: CHeMmisTRY anp NeEw MATeRIALS
Procepures: A, FLOTATION PRrOCESS

POUR A TEASPOONFUL OF COOKING O!L INTO A LARGE BEAKER OF WATER,
PREPARE A MIXTURE OF SAND AND IRON FILINGS, MIX THE FILINGS WITH

THE SAND SO THAT ABOUT ONE TEASPOONFUL OF FILINGS IS MIXED WITH

TEN YEASPOONSFUL OF SAND. YOUR RESULTS wiLL BE BETTER |F THE FILINGS
ARE VERY FINE. THIS SAND AND [RON MIXTURE REPRESENTS THE ORE. ADD
THE ORE TO THE BEAKER OF WATER AND OlL AND STIR THOROUGHLY. MosT OF
THE I1ROM FILINGS WILL FLOAT ON THE SURFACE., THE OIL AND THE SAND
WILL STICK TO THE BOTTOMe YOU CAN FLOAT THE FILINGS RIGHT OFF THE
TOP OF THE BEAKER BY GENTLY ADDING WATER TO THE BEAKER.

8. How MUCH DO WE DEPEND UPON SYNTHETIC SUBSTANCES? AS A CLASS
STUDY, TAKE INVENTORY M YOUR CLASSROOM OF THE VARIOUS ITEMS WHICH
ARE SYNTHETIC SUBSTANCES SUCH AS PLASTICS, SYNTHETIC FIBERS, ALLOYS,
AND SYNTHETIC RUBBER. EXTEND YOUR STUDY INTO YOUR HOME AND AUTO-
MOBILE, MAKE A LIST OF THESE OBJECTS BELOW.

OsuECT SYNTHETIC MATERIAL
. Te
2. 24
3. 30 __
b, 4,
5. De
6. 6.

C. VEGETABLE FIBERS SUCH AS LINEN OR COTTON, BURN DIFFERENTLY THAN
ANIMAL FIBERS, SUCH AS WOOL OR SiLK, SYNTHETIC FIBERS BURN DIFFER=
ENTLY THAN EITHER VEGETABLE OR ANIMAL FIBERS. EACH HAS A CHARACTER=
ISTIC APPEARANCE IN FLAME AND A CHARACTERISTIC ODOR. TEST SAMPLES
OF THESE FIBERS AND RECORXRD YOUR RESULTS IN THE SPACES BELOW.

MATERIAL ODOR BURNING CHARACTERISTICS
() LineEN .

(8) cotTon

(c) wool

(p) siuk .

(e) raYoN

-9

DAcrON

[~ 4
\
1

)
(c) OrLON R
)

NYLON
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STRUCTURE, OF MATTER
Lever: HiGH ScHooL

ACTIVITY: EvLecTrRoN CONFIGURATION OF ATOMS

PROCEDURES: COMPLETE THE FOLLOWING STATEMENTS FORMING ACCURATE AND
COMPLETE SENTENCES,

1.

SINCE THE NUCLEUS HAS A POSITIVE CHARGE DUE TO iTS PROTONS, AND
A NEUTRAL ATOM CONTAINS AN EQUAL NUMBER OF PROTONS AND OF NEG=
ATIVELY CHARGED ELECTRONS, WE MIGHT EXPECT ELECTRONS TO BE HELD
IN AN ATOM BY THE 1

2. THE sSIMPLE "OPPOSITES ATTRACT" THEORY IS NOT SATISFACTORY FOR
EXPLAINING THE MOTION OF ELECTRONS ABOUT THE NUCLEUS OF AN ATOM
BECAUSE WE KNOW THAT ATOMS 2

3. FOR ANY WAVE MOTION, THE SPEED OF PROPAGATION EQUALS THE PRODUCT
oF ) 3

4, THE ENERGY OF A PHOTON, E, MAY BE REPRESENTED BY THE EXPRESSION,

E = ]
5¢ WHEN EXCITED ATOMS RADIATE ENERGY, THE RADIATION IS EVOLVED IN

UNITS CALLED 5
6.~ WHEN EXCITED ATOMS RETURN TO THEIR NORMAL STATES AND THE LIGHT

THEY EMIT IS PASSED THROUGH A SPECTROSCOPE, WE MAY OBSERVE A (N) 6

7. EnERGY TRANSITIONS WITHIN AN ATOM DO NOT OCCUR CONT INUOUSLY,

BUT ARE IN 7

8. THE KINDS OF SPECTRA WHICH ARE EXPLAINED SATISFACTORILY BY THE
BOHR CONCEPT OF THE ATOM ARE 8

9. A SPACE ORBITAL IS 9

10, THE INTERPENETRATION OF CNE FREE ATOM bY ANOTHER !S PREVENTED BY

10

11, THE QUANTUM NUMBER WHICH INDICATES THE AVERAGE DISTANCE OF THE
ELECTRON FROM THE NUCLEUS OF THE ATOM IS THE 11

12, THE NUMBER OF ORBITAL SHAPES POSSIBLE IN THE 3RD FNERGY LEVEL IS

- 12

PROCEDURES : 13-16. FOR EACH SUBLEVEL TYPE, FURNISH THE REQUIRED |NFOR«=

MATION,

Sus=- NUMBER OF SPACE MAX IMUM NUMBER OF LowEST ENERGY LEVEL

LEVEL ORB I TALS ELECTRONS HAVING TH!S SUBLEVEL TYPE

s 0 oG 0 2000 00090000 0 0000 0o t0 o000 Q0 © 0000000803 000000000000

P 20 0Q 00 0o00 0000 [ FE NN NNNENNENNENNNNNNEN] 00 0 000 0000 CQO* OB OO OQ OGO

D I NN ENNENIENNENENNNN] OO0 000 ° 000000000 QO P 20 0 0000080 0000000000

F Q0 0000t 0Ot oo s 00 2000000 0000 000000 0O ® 000 ¢ 0000 Q00000 PUOOEONOINOSNTPLYS

»

: J6

1
:
16




PROCEDURES: WRITE ANSWERS TO THE FOLLOWING IN THE SPACES PROVIDED,
MAKE COMPLETE STATEMENTS WHERE APPROPRIATE,

17+« WHAT IS THE MOST STABLE STATE OF AN ATOM CALLED? 17

18. UNDER WHAT CONDITIONS MAY TwO ELECTRONS OCCUPY THE SAME SPACE
ORBITAL? 18

19 WHAT 1S AN ELECTRON PAIR? 19

20, WHAT NAME IS GIVEN TO AN OUTER SHELL CONTAINING EIGHT ELECTRONS?

20

21, (A) WHICH SUBLEVELS OF THE 3RD ENERGY LEVEL ARE FILLED IN THE

ELEMENT ARGON (AR-ATOMIC numBer 18 )? 21A

(8) In THE ELEMENT kRYPTON (KR-ATOMIC NUMBER 30)? 218
22, VIHEN DO SUCCESS]VE ELECTRONS ENTERING THE 2P ORBITALS START TO

PAIR UP? 22
23. WHICH SUBLEVEL IN THE M SHELL HAS A HIGHER ENERGY THAN THE ks

SUBLEVEL? 23

24, IN WHAT ORDER DO SUCCESSIVE ELECTRONS USUALLY ENTER THE SUBLEVELS
OF THE ATOMS OF THE FOURTH SERIES?Z 2k

25. WHICH ATOMS IN THE FOURTH SERIES HAVE STRUCTURES WHICH APPEAR
TO BE IRREGULAR BECAUSE OF THE STABILITY OF (A) A HALF=rILLED
30 SUBLEVEL? 25A
(B) A COMPLETELY FILLED 30 SUBLEVEL? 258

26. \/RITE THE ELECTRON=DOT SYMBOL FOR AN ATOM HAVING AN ATOMIC NUMBER
oF 13 AND A MASS NUMBER OF 27 26

27. IN wHICH SERIES OF ELEMENTS DO ELECTRONS ENTER THE hr susLever?

27

28. COMPLETE THE FOLLOWING TABLE

)
SymBoL~ * ELECTRON ELECTRON~DOT;
ATOMIC i CONFIGURATION| NOTAT{ON ' ORBITAL NOTATION
NUMBER |- NOTATION 1s 25 2 3s 3¢ 3o Ubs

ioLi=3

. B5
r .

-+— 1
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STRUCTURE OF MATTER
Lever: Hige ScHooL

ACTIVITY: CHARGED PARTICLES IN SCLUTION

THE TRANSFER OF ELECTRONS RESULTS IN OBJECTS BECOMING E!THER
POSITIVELY OR NEGATIVELY CHARGED. |F TWO OBJECTS HAVE UNLIKE CHARGES,
THE OBJECTS WILL ATTRACT EACH OTHER., I|F THE CHARGES ARE THE SAME, THE
OBJECTS wlLL REPEL EACH OTHER.

DURING THIS INVESTIGATION YOU WILL STUDY THE EFFECT OF ELECTRICITY
ON PARTICLES IN SOLUTION.

MATERIALS: (PER TEAM)

2 PAPER CLIPS 2 LENGTHS OF BELL ‘WIRE (10~INCH)
250-ML BEAKER 150 ML OF DISTILLED WATER
12-INCH LENGTH OF DIALYSIS TUBING 6-VOLT BATTERY

10 ML OF I0DINE=POTASSIUM 1001DE soLuTlon=( IKl)

PROCEDURES :
SET UP THE APPARATUS AS FOLLOWS:

A. UNFOLD TWO PAPER CLIPS SO THEIR LENGTHS ARE DOUBLED, REMOVE
THE INSULATION FROM THE ENDS OF BOTH BELL WIRES. FASTEN A WIRE
TO ONE END OF EACH UNFOLDED PAPER CLIP,

Be HALF=FILL A BEAKER WITH OISTILLED WATER, MOISTEN THE 1ALYSIS
TUBING, AND TIE A KNOT IN THE MIDDLE OF IT. HOLD UP THE ENDS OF
THE TUBING AND FILL EACH HALF WITH DISTILLED WATER TO A DEPTH OF
ABOUT 4 IncHES, CAREFULLY LOWER THE DIALYSIS TUBING INTO THE
BEAKER GF WATER AND FOLD THE FREE ENDS OF THE TUBING OVER THE
EDGE. INSERT A PAPER CLIP ELECTRODE INTO THE WATER IN EACH HALF

. OF THE TUBING, ATTACH THE FREE ENDS OF THE WIRES TO THE BATTERY,

NOTE: ELECTRICITY FRCM THE .BATTERY WILL SUPPLY ELECTRONS TO ONE
PAPER CLIP AND REMOVE ELECTRONS FRCM THE OTHER. THUS ONE PAPER
CLIP WILL HAVE EXCESS ELECTRONS AND BE NEGATIVELY CHARGED, WHILE
THE OTHER WILL BE POSIT[VELY CHARG:D.

C. App 10 ML OF THE BROWN~COLORED (IKI) SOLUTION TO THE WATER IN
THE BEAKER, ALLOW THE PAPER CLIPS TO REMAIN CONNECTED TO THE
BATTERY FOR ABOUT TWENTY MINUTES,

D. MARK OR LABEL EACH END OF THE TUBING WITH A + (POSITIVE) OR =
(NEGATIVE) SIGN TO MATCH THE POLES ON THE BATTERY. DISCONNECT
THE BATTERY ANi* REMOVE THE ELECTRODES FROM THE TUBINGe LIFT THE
TUBING OUT. OF THE BEAKER AND OBSERVE ANY CHANGES THAT MAY HAVE

OCCURRED IN EACH HALF,

INTERPRETATIONS ¢

1. 'WHAT HAPPENED TO THE WATER IN THE TUBING THAT WAS CONNECTED TO
THE POSITIVE SIDE OF THE BATTERY? WHAT HAPPENED ON THE NEGA=
TIVE SIDE?

2. Do YOU THINK THAT PARTICLES OF THE BROWN=COLORED SOLUT!ON HAVE
A POSITIVE CHARGE OR A NEGATIVE CHARGE?

" 98
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INTERPRETAT IONS (CONT, )

3+« FROM THE RESULTS OF THIS INVESTIGATION, WHAT EVIDENCE DO YOU
HAVE THAT:

A, NEUTRAL ATOMS MIGHT LOSE ELECTRONS AND BECOME POSITIVELY
CHARGED ?

B. NEUTRAL ATOMS MIGHT GAIN ELECTRONS AND BECOME NEGATVELY
CHARGED ?
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STRUCTURE OF MATTER
LeverL: HicH ScHooL

ACTIVITY: DensiTieEs oF Liauips

ProBLEM: EACH FORM OF MATTER HAS A CERTAIN MASS OR WEIGHT. THE
DENSITY OF A SOLID CAN BE DETERMINED 8Y COMPARING THE WEIGHT OF ONE
CUBIC CENTIMETER (cm3) OF THE SUBSTANCE TO THE WEIGHT OF ONE CM

OF WATER, HOw CAN THE DENSITY OF A LIQUID BE DETERMINED?

INVESTIGATION:

THE WEIGHT IN GRAMS OF 100 MILLILITERS OF EACH L1QUiID TESTED WAS
FOUND, AS SHOWN BELOW, THE RESULTS OF THE EXPERIMENT ARE SHOWN IN
THE TABLE BELOW,

Beaker
150m! water 100 grams
“«—3
Lo
0
Graduated- &0
cylinder —[™7%
eSO
L]
L3
20
"
L[gg}o TESTED VOLUME IN WEl GHT DensiTy
£ MILLILITERS IN GRAMS Per Cm3
' WATER 100 100 1,00
Cooking OiL 100 92 0.92
RusB ING ALCOHOL 100 8o 0.80
GLYCERIN 100 125 1.25
WHOLE MILK 100 103 1.03

INTERPRETATION:
ACCORDiNG TO THE RESULTS SHOWN IN THE TABLE, MARK EACH OF THE FOLLOWING
STATEMENTS TRUE, FALSE, OR NOT PROVED [N THE SPACE PROVIDED,

1« THE VOLUME OF ONE MILLILITER OF ANY LIQUID EQUALS seescessoscoccsse
ONE CuBIC CENTIMETER,

2. THE WEIGHT OF ONE MILLILITER OF GLYCERIN EQUALS
E lC ONE GRAM. [N X NN AN NN N NN
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ALcoHOL AND WATER CAN BE MIXED WITHOUT
SEPARATING .

IF COOKING OIL AND WATER ARE MIXED, THE OIL WIiLL
FLOAT ON TOP OF THE WATER.

IF GLYCERIN AND ALCOHOL ARE MIXED, THE ALCOHOL
wiLL FLOAT ON TOP OF THE GLYCERIN.

WHOLE MILK HAS A GREATER DENSITY THAN SKIM MILK.

THE WEIGHT OF ONE MILLILITER OF WATER EQUALS ONE
GRAM .

THE TEMPERATURE OF A LIQUID HAS AN EFFECT ON ITS
DENSITY.

IF A LIQUID HAS A DENSITY GREATER THAN 1, IT wiLL
FLOAT ON WATER.

THE SAME VOLUME OF LIQUID MUST BE WEIGHED EACH
TIME IN ORDER TO FIND ITS DENSITY.

ApPLICATION:

-

0009 00000400000

Teveo0c00c00ccoe
®sc0cc0s0s000000
0000000000000 0
*e00c0ccr00000000

EXPLAIN WHY MILK |S HOMOGENIZED TO PREVENT THE CREAM FROM SEPARATING
OUT AND FLOATING ON TOP OF THE MILK.

- 101




STRUCTURE OF MATTER
Lever: Hiee Scrool -
ACTIVITY: ATOMIC STRUCTURE

PURPOSE: TO ACQUAINT YOU WITH SOME BASIC IDEAS OF CHEMISTRY THAT
wiLL AJD YOU IN 8i10LOGY,

INSTRUCT 1ONAL OBUECTIVES: (FOLLOWING A LECTURE AND READING)

1. THE STUDENT WILL BE ABLE TO CORRECTLY DRAW THE ATOMIC STRUCTURE
OF ANY ELEMENT FROM THE PERIODIC TABLE,

2. THE STUDENT WILL BE ABLE TO DRAW OUT AN EXAMPLE OF A CHEMICAL
REACTION INVOLVING ONE REACTE{ON IN A COVALENT BOND, AND ANOTHER
REACTION IN A IONIC BOND,

3. THE STUDENT WILL BE ABLE TO WRITE A SHORT PARAGRAPH ON THE
STRENGTH OF BONDS AHD THE PARTS OF AN ATOM INVOLVED IN A BOND.

h. THE STUDENT WILL BE ABLE TO CONVERT A CHEMICAL FORMULA INTO
WORDS, IN TERMS OF ATOMS,

MATERIALS:
MoDERN BioLoGY, pp 34=li1

LEARNING ACTIVITIES S
Requirep: (#1 AND EiTHER 2 OR 3)

1. CONVERT CHEMICAL FORMULA INTO WORDS, IN TERMS OF ATOMS,
ExampLe: HpO Is TWO ATOMS OF HYDROGEN COMBINED WITH ONE
ATOM OF OXYGEN TO FORM ONE MOLECULE OF WATER. (HAND IN
TO YOUR INSTRUCTOR.)

A. CHio0g

B. HCL i
c. COp

D. HpSOY

E. NaCL

F. €O

2. TAKE ANY TWO OF THE ABOVE AND DRAW THEIR STRUCTURAL FORMULA
AND INDICATE IF IT IS AN IONIC OR COVALENT BOND. (MusT
HAVE ONE OF EACH). HAND IN TO YOUR INSTRUCTOR.

3. DRAwW THL ATOMIC STRUCTURE OF ELEMENTS #6, #27, #73. (HAND
IN TO YOUR INSTRUCTOR).

ERIC
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OPTiONAL: (COMPLETE TWO AND HAND INTO YOUR INSTRUCTOR)

1. WRITE THE CHEMICAL SYMBOL FOR THE FOURTEEN MOST ABUNDANT ELEMENTS
IN LIVING ORGANISMS.

2. COMPOSE A LIST OF CAREERS YOU FEEL THESR KNOWLEDGE ON ATOMIC
STRUCTURE WOULD BE HELPFUL.

3. DESIGN AN EXPERIMENT TO SHOW DISSOCIATION OF [ONS,
4. WRITE A SHORT PARAGRAPH ON WHY YOU FEEL BASIC CHEMISTRY 1S

NECESSARY IN BIOLOGY AND ANY OTHER FIELD.

DEMONSTRATIONS OF LEARNING:
YOou WiLL BE EVALUATED ON:

1. THE MATERIAL HANDED 1IN,

2. ORAL EXAM (FOUR QUCSTIONS, ONE ON EACH OF THE INSTRUC=
TIONAL OBJECTIVES) YOU MUST ANSWER ALL FOUR TO THE
SATISFACTION OF THE TEACHER.

(0R)

3. WRITTEN EXAM WHICH WILL INCLUDE SHORT ESSAY QUEST!ONS
ON THE INSTRUCTIONAL OBJECTIVES AND A TERMINOLOGY TEST
FROM PP, go IN MODERN B10LOGY., THE STUDENT MUST REe
CEIVE AN 80% TO COMPLETE THIS LAB.
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CHEMISTRY - BEHAVIOR OF MATTER

BrocHEMIST

BioLoGglsT

CHEMIST

DENTAL HYGENIST

DENIST

DIETITIAN

ENGINEERING TECHNICIAN
CHEMICAL ENGINEER
GEOLOGIST
GEOPHYSICIST

Home EconoM|sT
INDUSTRIAL DESIGNER
INDUSTRIAL TRAFFIC MANAGER
LIFE SCIENTIST
MeolcAL LA WORKERS

‘MEDICAL TECHNOLOGIST

MeTEROLOGIST
OCEANOGRAPHER
PHARMACISTS
PHOTOGRAPHER

PHYSICIAN

PHYSICIST

PURCHASING AGENT
PRACTICAL NURSE
ReGcisTereD NURSE
SUPERMARKET MANAGER
ELEMENTARY TEACHER
TEACHER SECONDARY=COLLEGE
TecCHNICAL WRITER
VETERINARIAN

Fooo ProceEssinGg TECHNICIAN
AJRCRAFT MECHANICS
AutoMoBILE MECHANIC
CoMPOS ING Rocit OPERATOR
DieseL MeCHANIC

FARM EQUIPMENT MECHANIC
INDUSTRIAL MAINTENANCE MECHANIC
I NSTRUMENT MAKER

MacHiNe TooL OPERATOR
OF¥1ceE MACHINE REPAIRMAN
PATTERN MAKER

PRINTING PRESSMAN

TooL & DYE MAKER

DENTAL LABORATORY TECHNICIAN
FURNITURE UPHOLSTERERS
JEWLERS & REPA {RMEN
OPTICIAN

OpPTICAL MECHANIC

WATCH REPAIRMAN

BrIck LAYER

CeMENT MAson

TELEPHONE [NSTALLER

FLOOR COVERING INSTALLER
INSULAT ION WORKER

PAINTER

PLuMBER=PIPE FITTER
LiINEMAN
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X<-RAY TECHNICIAN
TELEGRAAHER=TELEPHONER

Auto PARTs MaN

MANUFACTURER REPRESENTATIVE
DeLtvery MAN

BuiLoiNG CUSTODIAN

Cooks

FIREMEN

HosPITAL ATTENDELNT

HoTeL HOUSEKEEPER

FB] AGENT

PoLIceEMEN & WOMEN
STEWARDESSES

AGRIBUSINESS TECHNICIAN
AGRICULTURE EXTENSION WORKER
Dairy ProoucCTioN TECHNICIAN
FARM=CROP PRODUCTION TECHNICIAN
FARMER

Fisn & WILOLIFE TECHNICIAN
Fisn CuLTure TECHNICIAN
FORESTER

ForesTERY PRODUCTION TECHNICIAN
LA ANIMAL CARE TECHNICIAN
LIVESTOCK PRODUCTION TECHNICIAN
ORCHARD TECHNICIAN

HORT ICULTURIST

PARkS LAND MANAGEMENT TECHNICIAN
RANGE MANAGEMENT :
SoiL CONSERVATIONIST

SolL SCIENTIST

SIGNAL MAINTAINER

SToNeE MASsoON

STRUCTURAL STEEL WORKER
TeLEPHONE REPAIRMAN

WELDER

BookB INDER

BROADCAST TECHNICIAN

ELecTro TYPERS

GASOLINE SERVICE STATION
TRUCKDRIVER (ATTENDANT ;WAREHOUSE )
LiTHOGRAPHIC OCCUPATION
LocoMoTive ENGINEER
APPRENTICE ENGINEER

METER- MAN=WOMAN

PROJECTIONIST

PHoTo ENGRAVER

Power PLANT OPERATOR
STATIONARY ENGINEER

BosLER FIREMAN

STEVEDORE

Power DISPATCHER
ELECTROPLATER

GLAZIER

PLASTERER

PAPer HANGER

RooFER

SHEET METAL WORKER



BEHAVIOR OF MATTER
Lever: JuniorR HiGH

ACTIVITY: SoLUTIONS = SUSPENSIONS AND DENSITY

MATERIALS: FooD COLORING (3 DIFFERENT COLORS)  PLASTIC BOXES WITH LIDS

PLASTIC PAILS SQUEEZ2E BOTTLES
DroePERS ALconoL

COARSE SALT VINEGAR (CIDER & wHITE)
VIALS PAPER CUPs (SMALL)
CLEAR SODA STRAWS CARDBOARD TRAYS

PROCEDURE :

_ PLACE WATER IN BUCKETS AND SCATTER THEM AROUND THE ROOM. HAVE
EACH STUDENT TEAM TAKE A CARDBOARD TRAY, 5 VIALS, 2 DROPPERS AND A
PLASTIC BOX WITH A LID, PASS OUT TO EACH STUDENT A SMALL AMOUNT OF
EACH COLOR OF FOOD COLORINGe ASK STUDENTS TO FILL VIALS WITH WATER
AND TO -JUST TEST WHAT HAPPENS WHEN FOOD COLORING IS PLACED IN WATER.
AFTER STUDENTS HAVE PLAYED WITH THE SOLUTIONS ONE MIGHT SUGGEST
SOME OF THE FOLLOWING ACTIVITIES TO TRY:

DoEs DIFFERENT TEMPERATURE OF WATER CAUSE A CHANGE?

DoEs HEIGHT FROM WHICH DROP FALLS MAKE A DIFFERENCE?

CAN YOU GET COLOR TO STAY IN MIDDLE OF VIAL?

CAN YOU MAKE SMOKE RINGS?

WHAT DIFFERENT COLORS CAN YOU MAKE FROM YOUR 3 coLors? Ertc.

AFTER STUDENTS HAVE TRIED TO ANSWER THE QUESTIONS AND A DISe
CUSSION IS HELD OVER THEIR ANSWERS, CLEAN UP ALL MATERIALS.

THE NEXT SESSION HAND OUT SALT TO THE STUDENTS IN PAPER CUPS,
Do NOT HAND OUT ANY FOOD COLORINGs Ask STUDENTS TG MIX UP DIFFER=
ENT SOLUTIONS wiTH DIFTERENT AMOUNTS OF SALT. DISCUSS WHAT HAPPENS.
ASK WHAT FOOD COLORING WOULD DO IN SALT WATER? HAND OUT FOOD
COLORING AND THEN AFTER DISCOVERY, ASK THEM TO TRY TO SOLVE
QUESTIONS IN THE FIRST SESSION, Discuss DENSITY WITH STUDENTS,
CLEAN MATERIALS.

FOR THIRD SESSION PREPARE 4 BUCKETS WITH EACH HAVING A DIFFERENT
SALT WATER DENSITY AND COLOR=-EACH ONE A DIFFERENT COLOR TO KNOW
THEM APART. ASK STUDENTS TO EXPERIMENT WITH THE SOLUTIONS AND
DISCOVER WHICH IS THE HEAVIEST TO THE LIGHTEST. THEN HAND OUT TO
THF. STUDENTS CLEAR SODA STRAWS ANO ASK THEM TO GET 1, 2, 3 & 4
LAYERS IN THE STRAWS. AFTER THIS THE TEACHER CAN USE 4 DIFFERENT
LIQUIDS SUCH AS ALCOHOL, VINEGAR AND WATER, AND ASK WHICH IS WHICH
WHEN THE DENSITY IS KNOWNe (USE CIDER AND WHITE VINEGAR)

TO THE TEACHER: THIS LAB CAN BE USED TO SUPPORT WORh ON SOLUT#ONS
AND SUSPENSIONS, IT ALSO 1S GOOD TO SUPPORT A DISCUSSION OF THE:
BEHAVIOR OF MOLECULES IN THE MOLECULAR THEORY.
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BEHAVIOR OF MATTER

LeEveL: JuNiorR HigH

ACTIVITY: WHAT ARE SOME COMMON SOLVENTS?

MATERIALS: TEST TUBE RACK SOLVENTS: WATER
5 TEST TUBES ALCOHOL
FORCEPS CARBON TETRACHLORIDE
5 GLASS STIRRING RODS SOLUTES: SALT
MEDICINE DROPPER SULFUR
TEST TUBE BRUSH RUBBER BANDS
IODINE CRYSTALS
erL

PROCEDURE ¢

A. LaseL THE TesT tuBes #1, #2, #3, #4, AND #5 wiTH A wAx
PENCIL. IN #1 pOUR 20 CC OF WATER. POUR 20 CC OF ALCOHOL
INTO #2. PoUR 20 CC OF CARBON TETRACHLORIDE INTO #3. PouR
20 cC OF CARBON DISULFIDE INTO #4, AND POUR 20 CC OF HEN=
2ENE INTO #5. (Do NOT BREATH THE FUMES OF CARBON TETRA~
CHLORIDE, ) .

B. PUT A PINCH OF SALT IN EACH TEST TUBE AND STIR GENTLY.
UNDER "WMAT Do WE See?" wriTE "ves" IF 1T DISsaLVES,
"no" IF IT DOESN'T,

C. WASH EACH TEST TUBE THOROUGHLY, WITH A TEST TUBE BRUSH.
REFILL WITH FRESH SOLVENTS. REPEAT STEP B, USING SMALL
PIECES OF SULFUR. REPEAT AGAIN USING RUBBER BANDS, |ODINE
CRYSTALS, AND, FINALLY, A FEW DROPS of OiL. (USE A MEDI~
CINE DROPPER FOR OIL AND FORCEPS FOR THE SOLID CHEMICALS. )
BE SURE TO RECORD YOUR RESULTS EACH TIME IN THE TABLE
UNDER "WHAT Do We See?".

WHAT DO WE SEE?
1. RECORD YOUR OBSERVATIONS IN THE TABLE,

SOLUTES
P { SALT SULFUR | Rueeer i lobINE
iLmrsa ; . P
LALCOHOL . ' }
CARBON TETRACHLORIDE | ; l |
CARBON DISULFIDE ) E -
| Benzene ! I ! o
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2, DESCRIBE WHAT HAPPENED WHEN YOU PUT THE SULFUR IN WATER:

AND IN CARBON DISULFIDE:

3. TELL WHAT HAPPENED WHEN YOU PUT DIL IN WATER:

AND IN CARBON TETRACHIORIDE:

4. Dio THE RUBBER DISAPPEAR COMPLETELY IN ANY OF THE SDLVENTS?
IF sO0, IN WHICH ONES?

WHAT DO WE LEARN?

1e WHICH SOLVENT DISSOLVED THE MOST SOLUTES?

2. FROM YOUR EXPERIMENT, WHAT DO YOU THINK THE SOLUTION CALLED
"TINCTURE OF lODINE™ IS MADE OF?

THINGS TO DO:

T. PuT A SMALL PIECE OF woOL CLOTH IN A TEST TUBE CONTAINING
A 5% soLuTiON OF sopium HYDROXIDE (NACH). THEN WARM THE
SOLUTION VERY GENTLY. TRY IT AGAIN, USING JUST WATER AND
CLOTH.

2. TRY TO DISSOLVE SUGAR IN WATER, ALCOHOL, AND OIL (KEROSENE).
DESCRICE WHAT HAPPENS,

3. MAKE A REPORT TD YOUR CLASS DN HOW DIFFERENT SOLVENTS ARE
USED TO REMOVE STAINS FROM CLOTHiNG.

ERIC
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BEHAVIOR OF MATTER
LeveL: HigH SchooL
ACTIVITY: PuysicAL AnD CHEMICAL CHANGES

Purpose: TO STUDY THE DIFFERENCES BETWEEN PHYSICAL AND CHEMICAL
CHANGES IN MATTER.

MATERIAL:

ASBESTOS SQUARE BEAKERS, 100 ML, 150 ML
BURNER AND TUBING ForRCEPS

FUNNEL RiNG, IRON

RiNG sTAND TeST TuBES

WASH BOTTLE WATCH GLASS

WIRE GAUZE ALKA=SELTZER TABLETS
BAKING POWDER CoPPER FOIL

MAGNESIUM RIBBON PLATINUM WIRE TEST ROD
SANDPAPER FINE GRIT ZINC, MOSSY

FILTER PAPER HyoRoCHLORIC Aclp piLute (1:4)
SULFURIC ACID, DILUTE (1:6) SOLUTION OF SILVER NITRATE
WOODEN SPLINTS (0.2M)

INTRODUCTION:

MATTER UNDERGOES MANY CHANGES, IN SOME CASES ONLY THE TEMPERATURE,

PHYSICAL STATE, SIZE OF PARTICLE OR COLOR {S CHANGED, [CE MELTS AND
WATER EVAPORATES, SUCH CHANGES ARE PHYSICAL.

IN OTHER CASES DIFFERENT SUBSTANCES WITH NEW CHARACTERISTIC PROP=
ERTIES ARE FORMED, WOOD BURNS AND METALS TARNISH, SUCH CHANGES ARE
CHEMICAL, HEAT, LIGHT, ELECTRICITY, AND SOLUTION ARE OFTEN INSTRU=
MENTAL IN STARTING CHEMICAL CHANGES. [N MANY CASES, TOO, THEY ARE
PRODUCED AS THE IMMEDIATE RESULT OF SUCH CHANGES.

PROCEDURES ¢

1o EXAMINE THE PLATINUM WIRE TEST ROD. OBSERVE THE COLOR AND LUSTER

i- OF THE METAL, HOLD THE WIRE IN THE FLAME OF YOUR BURNER FOR
ABOUT TWO MINUTES, RECALL PART OF EXPERIMENT IN WHICH YOU DETER=~
MINED THE HOTTEST PART OF THE FLAME. DOES THE APPEARANCE OF THE

. PLATINUM WIRE SUPPORT YOUR PREVIOUS CONCLUSION? DESCRIBE THE

APPEARANCE OF THE WIRE WHILE HELD IN THE HOTTEST PART OF THE
FLAME. ALLOW THE WIRE TO COOL AND RE~EXAMINE IT. CONCLUSION?

OBSERVATIONS ¢

2. SANDPAPER A PIECE OF MAGNESIUM RIBBON ABOUT 3 CM IN LENGTH TO
REMOVE THE TARNISH. NOTE THE COLOR, LUSTER, AND FLEXIBILITY OF
THE METAL, HOLDING ONE END WITH THE FORCEPS, [GNITE THE OTHER
END IN THE BURNER FLAME, CAUTION: DO NOT LOOK DJRECTLY AT THE
MAGNESIUM WHILE IT IS BURNING, COMPARE THE ASH, WHICH MAY BE
COLLECTED ON THE ASBESTOS SQUARE, WITH THE ORIGINAL. METAL,
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OBSERVATIONS :

3. SIMILARLY CLEAN A PIECE OF COPPER FOIL AND HEAT IT IN THE OUTER
CONE OF THE BURNER FLAME FOR 1«2 MINUTES., AvolID MELTING. LET
IT COOL AND RE=EXAMINE IT. SEE IF YOU CAN SCRAPE OFF SOME OF
THE BLACK SCALE FROM THE SURFACE OF THE COPPER, COMPARE THE
PROPERTIES OF THIS SCALE WITH THOSE OF METALLIC COPPER, HEAT
THE FOIL A SECOND TIME. RESULT? EXPLALN,

OBSERVATIONS :

4. Dip ONE END OF THE PLATINUM WIRE INTO A TEST TUBE CONTAINING
4 orR 5 ML OF DILUTE SULFURIC ACID. OBSERVE CAREFULLY FOR ANY
SIGNS OF CHEMICAL ACTION., RESULT? REMOVE THE PLATINUM WIRE,
FLUSHING IT WITH WATER BEFORE LAYING ASIDE. ADD A SMALL PIECE OF
ZINC TO THE ACID, RESULT? LET THE ACTION CONTINUE FOR ABGUT
5 MINUTES. WARM THE TUBE GENTLY, CAUT|ON.

WHEN THE REACTION IS PROCEEDING VIGOROUSLY, BRING THE FLAME

OF A BURNING SPLINT TO THE MOUTH OF THE TEST TUBE., RESULT?
THE DILUTE SULFURIC ACID IS A WATER SOLUTION OF HYDROGEN SULFATE,
WHAT GAS DO YOU THINK IS BEING EVOLVED DURING THE REACT{ON?
ACCOUNT FOR THE APPEARANCE OF A BLACK SUSPENSION IN THE LIQUID,
FILTER TO REMOVE SUSPENDED MATTER, IF PRESENT, DO YOU BELIEVE
A SECOND PRODUCT OF THE REACTION TO BE IN SOLUTION IN THE FILTRATE?
USING AN APPROPRIATE TECHNIQUE, RECOVER THIS PRODUCT FROM A PORTION
OF THE FILTRATE, COMPARE THE PRODUCT WITH THE ORIGINAL ACID AND
WITH THE ZINC. SUGGEST THE PROBABLE NAME OF THE CRYSTALLINE
SUBSTANCE. TRY WRITING A WORD EQUATION TO EXPRESS YOUR IDEA OF
THE CHEMICAL REACTION THAT HAS TAKEN PLACE.

OBSERVAT!ONS :

5 To 3 or 4 ML OF SILVER NITRATE SOLUTION, ADD SEVERAL DROPS OF
DILUTE HYDROCHLORIC ACID, ReEsuLT? CAN YOU RECOGNIZE A PRECIPI~
TATE? DESCRIBE 1T, HYDROCHLORIC ACID 1S A WATER SOLUTION OF
HYDROGEN CHLORIDE. QCONSULT THE SOLUBILITY TABLE IN THE APPENDIX
AND SUGGEST THE PROBABLE NAME OF THE INSOLUBLE PRODUCT (THE
PRECIPITATE). TRY WRITING A WORD EQUATION TO EXPRESS YOUR
IDEA OF THE CHEMICAL REACTION THAT HAS TAKEN PLACE. WAS THERE
ANY EVIDENCE OF A GASEOUS PRODUCT OF THIS REACTION? TRANSFER
THE ENTIRE CONTENTS OF THE TEST TUBE TO A FILTER SETUP, FLUSHING
WITH SMALL ADDITIONS OF WATER FROM THE WASH BOTTLE, IF NECESSARY,
TO REMOVE ALL OF THE PRECIPITATE, ODISCARD THE FILTRATE, UNFOLD
THE FILTER PAPER AND EXPOSE THE PRECIPITATE TO DIRECT SUNLIGHT
FOR SEVERAL MINUTES. ResuLT? DO YOU THINK THIS CHANGE IS
PHYSICAL OR CHEMICAL? DID YOU OBSERVE ANY EVIDENCE OF AN APPRE~

o CIABLE ENERGY CHANGE DURING THE REACTION?
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OBSERVATIONS ¢

6. TO ONE=HALF AN ALKA=SELTZER TABLET OR TO 2 GRAMS OF BAKING POWDER
IN A 100 ML BEAKER ADD 5 ML OF WATER. RESULT? AFTER THE REAC~
TION PROCEEDS FOR 15 SECONDS, THRUST A BURNING SPLINT INTO THE
UPPER PORTION OF THE BEAKER, RESULT? BOTH ALKA=SELTZER AND
BAKING POWDER CONTAIM A SOLID SUBSTANCE, WHICH ACTS AS AN ACID,
AND SODIUM HYDROGEN CARBONATE, WHAT GAS DO YOU THINK IS BEING
EVOLVED DURING THE REACTION? WHY DID THE CHEMICALS WHICH DID NOT
REACT IN THE DRY STATE BEGIN TO REACT?

|
|
|
l
|
OBSERVATIONS :
QUESTIONS: ANSWER IN COMPLETE SENTENCES.,
1o WHAT KIND OF CHANGE OCCURS WHEN PLATINUM 1S HEATED?
2. |s A NEW SUBSTANCE FORMED AS MAGNESIUM BURNS? JUSTIFY YOUR ANSWER.

3+ How DOES THE SCALE WHICH FORMS WHEN COPPER IS HEATED DIFFER FROM
THE COPPER?

H. WHAT DO YOU THINK WOULD BE THE ULTIMATE RESULT OF SUCCESSIVE
HEATINGS AND SCRAPINGS OF THE COPPER?
|
\
|
|
|
)
|
|

5« DOES PLATINUM INTERACT WITH SULFURIC ACID?

6. DOES THE PRECIPITATE IN PART 5 SEEM TO BE A NEW SUBSTANCE? s
THIS A CHEMICAL OR PHYSICAL CHANGE?

T. THE PRECIPITATE IN PART 5 IS SILVER CHLORIDE. WHAT EFFECT DOES
SUNLIGHT HAVE ON THE PRECIPITATE?

DO YOU THINK SUCH A CHANGE MAY HAVE SOME RELATION TO PHOTOGRAPHY?

8. SUMMARIZE THE RESULTS OF THIS EXPERIMENT IN A DEFINITE, CONCISE
CONCLUSION,
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BEHAVIOR OF MATTER
Lever: HiGgH SchooL

ACTIVITY: Fuame TesTs

Purrose: To sHow HOW CERTAIN METALS MAY BE IDENTIFIED BY THE COLOR
THEY IMPART TO A FLAME,

MATERIALS:

BURNER AND TUBING 2 COBALT GLASS PLATES

TEST TUBES 5ecM LENGTH OF Noo 2l PLATINUM

HYOROCHLORIC ACID DILUTE (1:h4) WIRE, SEALED IN THE END OF &

SoDEIUM CHLORIDE GLASS TuBe 10 cM LoNG. |F

0.5=M SOLUTIONS IN DISTILLED WATER OF PLATINUM WIRE IS NOT AVAIL=
THE A.R. GRADE NITRATES OF BARIUM, ABLE, NICHROME WIRE (NOT AS
CALCIUM, LITHIUM, POTASSIUM, SODIUM, SATISFACTORY AS PLATINUM) MAY
AND STRONTIUM, AND OF SODIUM CHLORIDE BE USED. NICHROME WIRE SHOULD

UNKNOWN SOLUTIONS BE HELD WITH FORCEPS.

INTRODUCTION: ‘

IF YOU WISH TO SECURE GOOD RESULTS IN THIS EXPERIMENT, YOUR
TEST TUBES MUST BE SCRUPULOUSLY CLEAN. YOUR TEST TUBES MAY BE
THOROUGHLY CLEANED BY USING THE CLEANING SOLUTJON DESCRIBED IN THE
TeacHers® EpiTioN To EXERCISES AND EXPERIMENTS IN CHEMISTRY., ¢
(CAUTION: THIS CLEANING SOLUTION IS EXTREMELY CORROSIVE AND MUST
NOT BE SPILLED!) AFTER THE CLEANING SOLUTION HAS BEEN USED, THE
TEST TUBES MAY BE RINSED THOROUGHLY IN TAP WATER AND THEN IN DISe=
TILLED WATER.

SUGGESTION: HAVE STUDENTS EXAMINE SODIUM LINES PRODUCED IN A
SPECTROSCOPE USING A SODIUM VAPOR LAMP AND THEN A SODIUM FLAME SOURCE,
THIS MAY BE REPEATED w{TH MIXTURES OF SODIUM AND POTASS IUM.

|
|
|
|
PROCEDURES:
1e CLEAN A PLATINUM WIRE BY DIPPING IT FIRST INTO SOME DILUTE HYDRO=
CHLORIC ACID IN A TEST TUBE AND THEN HOLDING IT IN THE COLORLESS
FLAME OF YOUR BURNER, REPEAT UNTIL THE WIRE IMPARTS NO COLOR
TO THE FLAME. POUR 4 ML OF SOD!UM NITRATE SOLUTION INTO A CLEAN
TEST TUBE, AND DIP THE TIP OF THE CLEAN PLATINUM WIRE INTO THE
SOLUTION, AND THEN HOLD IT IN THE FLAME. OBSERVE THE COLOR OF
THE FLAME JUST ABOVE THE WIRE. HEAT ONLY THE TIP OF THE WIRE.
IF YOU HEAT THE GLASS TUBE INTO WHIGH THE WIRE IS SEALED, YOU
WILL BREAK THE GLASS,
\
|

CLEAN THE WIRE AS BEFORE AND THEN TEST A SOLUTION OF SODIUM
CHLORIDE IN THE SAME MANNER, REPEAT THE TEST, DIPPING THE
WIRE INTO A LITTLE DRY SODIUM CHLORIDE,

OBSERVATONS ¢
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2. REPEAT PART 1, USING IN TURN 4 ML OF THE SOLUTIONS OF THE Ni=
TRATES OF LITHIUM, STRONTIUM, CALCIUM, BARIUM, ANO POTASSIUM,

. CLEAN THE WIRE THOROUGHLY AFTER EACH TEST. IN THE CASES OF
LITHIUM AND STRONTIUM, OBSERVE WHICH FLAME IS MORE PERSISTENT
ANO TAKFS LONGER TO BURN OFF THE WIRE. ALSO NOTE THE DIFFERw
ENCE IN THE SHAOES OF COLOR PROOUCEO. WHEN YOU HAVE TESTEO THE
CALCIUM FLAME ANO THEN DIPPED THE WIRE INTO HYDROCHLORIC ACID
AND BACK INTO THE FLAME WHEN CLEANING IT, YOU OFTEN GET AN
EXCELLENT FLAME OF CALCIUM MOMENTARILY, RECORO YOUR OBSERVA=
TIONS IN THE ACCOMPANYING TABLE.

OBSERVATIONS ¢

3. IF TWO SALTS ARE PRESENT [N THE SAME SOLUTION, THE COLOR OF ONE
FLAME MAY OBSCURE THAT OF THE OTHERe SOMETIMES §T IS POSSIBLE
TO ABSORB ONE COLOR ANO NOT THE OTHER, EXAMINE THE SODIUM FLAME
THROUGH AT LEAST TWO THICKNESSES OF COBALT GLASS. REPEAT, US-
ING THE POTASSIUM FLAME WITH THE COBALT GLASSES,

FLAME TEST A MIXTURE OF THE SOLUTIONS OF THE NITRATES OF
SOOIUM AND POTASSIUM WITH A CLEAN WIRE, OBSERVE THE COLOR
THE MIXTURE IMPARTS TO THE FLAME WHEN VIEWED WITHOUT THE COBALT
GLASSES., REPEAT THE TEST, BUT OBSERVE THE FLAME 4S SEEN THROUGM
THE COBALT GLASSES, EXPLAIN ANY DIFFERENCES OBSERVED, RECORD
YOUR OBSERVATIONS AS BEFORE,

OBSERVAT IONS ¢

H. SECURE AN UNKNOWN SOLUTION FROM YOUR INSTRUCTOR. TEST IT IN THE
FLAME AS IN THIS EXPERIMENT IN ORDER TO IO0ENTIFY THE METALLIC
1ON PRESENT.

DATA TABLE
METAL IN COMPOUNO COLOR OF FLAME

soolUMoooooooooOoooocoooooooo.ooooooo--o
LITHIUMeoosoocossoonsoccocssnssssscsoncs
STRONT|UMoocoooooo..oo.ooo-ooooooocooooo
CALc‘UM...............‘.................
EARlUMOQQ0..0oooooooooo-oooooooooooooooo CONCLUSSON S
POTASS[UM...oooooo....o...o.oooooo-ooooo
Sootum THE UNKNOWN METAL WAS$

(COBALT GLASS)...00000000000000000000
PoTAssium

(COBALT GLASS).ooo.oooooo.ooo.ooooooo
SobluM ANO

POTASS‘UM.oooo.oo.oo_oo._oo.aoo.ooooooo
So0lUM AND POTASSIUM

(COBALT GLASS)......ooooooooooooooooo
UNKNOWN MeTALooooooooooo_oooo_ooooooo.oovo
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QUESTIONS: -ANSWER IN-COMPLETE STATEMENTS, T

1.

2,

IS THE FLAME COLORATION A TEST FOR THE METAL OR FOR THE ACID
RADICAL?

WHY DO DRY SODIUM CHLORIDE AND THE SOLUTIONS OF SODIUM NiTRATE
AND SODIUM CHLORIDE ALL IMPART THE SAME COLOR TO THE FLAME?

DESCRIBE THE TEST FOR SODIUM AND POTASSIUM WHEN BOTH ARE PRESENT,

How wOULD YOU CHARACTERIZE THE FLAME TEST WITH RESPECT TO ITS
SENSITIVITY?

WHAT DIFFICULTIES MAY BE ENCOUNTERED IN THE USE OF THE FLAME
TEST FOR IDENTIFICATION?
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BEHAVIOR OF MATTER
Q LeverL: HigH ScHooL

ACTIVITY: SorLusiL!TY OF CHEMICAL SALTS

PROBLEM: SCIENT!STS ARE FAMILIAR WITH HUNDREDS OF DIFFERENT KINDS
OF CHEMICAL SALTS WHICH DIFFER IN THEIR PROPERTIES BY HAVING DIFFER=
ENT COLORS, TASTES, AND CRYSTAL SHAPES, DO CHEMICAL SALTS ALSO
DIRFER IN THEIR ABILITY TO DISSOLVE IN WATER?

MATERIALS:

TesT TUBES TEST TUBE RACK
GRADUATED CYLINDER LABORATORY BALANCE
STIRRING ROD FLASHLIGHT

POWDERED SAMPLES OF DIFFERENT SALTS,
SUCH AS SODIUM CHLORIDE, IRON NITRATE,
COPPER SULFATE, ETC,

PROCEDURE ¢

PLACE SEVERAL TEST TUBES IN A TEST TUBE RACK AND POUR AN EQUAL
AMOUNT OF WATER INTO EACH TEST TUBE, WEIGH OUT EXACTLY 25 GRAMS OF
EACH SALT BEING TESTED. ADD-.THE SALT, A FEW GRAINS AT A TIME, TO
THE WATER IN A" TEST TUBE UNTIL NO MCRE SALT WILL DISSOLVE WHEN THE
WATER !S STIRRED., CAREFULLY WEIGH THE AMOUNT OF SALT LEFT OVER TO
DETERMINE HOW MUCH SALT DISSOLVED IN THE WATER.

OBSERVATIONS
RECORD YOU RESULTS IN THE FOLLOWING TABLE (INDICATE THE DEGREE
OF SOLUBILITY OF EACH SALT BY WRIT!NG GOOD, MEDIUM, OR POOR )«

NAME OF SALT MILLILITERS i GRAMS OF SALT DEGREE OF
OF WATER DissoLVED SoLuBiLITY

SoDIUM CHLORIDE

[RON NITRATE

COPPER SULFATE

1. WHY WOULD SHINING A BEAM OF LIGHT THROUGH A SOLUTION HELP YOU
DETERMINE WHETHER THE SALT IS COMPLETELY DISSOLVED?

2. VWHAT EFFECT DOES STIRRING THE SOLUTION HAVE ON THE RATE AT
WHICH THE SALT DISSOLVES?

3. WHAT EFFECT WOULD HEATING THE WATER HAVE ON THE RATE AT WHICH
THE SALT DISSOLVES?
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INTERPRETATION:

FiLL !N THE BLANK WORDS IN THE FOLLOWING PARAGRAPH IN THE NUMBERED
SPACES AT THE RIGHT,

MANY SALTS ARE FORMED BY THE PROCESS OF (1) WHEN 1
AN (2) is apoED To A (3). THE PROCESS OF NEUTRALIZATION,

IS COMPLETE WHEN BLUE LITMUS PAPER WILL NOT TURN (}4) 3
IN THE SOLUTION AND RED LITMUS PAPER WILL NOT TURN (5).h
THE SALT FORMED IF HYDROCHLORIC ACID IS USED IN THE

REACTION IS CALLED A {6). SIMILARLY, IF NITRIC ACID 1SD

USED, THE SALT FORMED IS CALLED A (7), AND IF SULFURIC §
ACID IS USED, THE SALT FORMED Is A {8). THus, we SEE
THAT SALTS DIFFER IN THEIR PROPERTIES, BUT THEY ALL

CONTAIN ONE ELEMENT OR RADICAL FROM AN (9) AnD onE
ELEMENT OR RADICAL FROM A (10).

10

APPLICATION: '

{T Is ALSO POSSIBLE TO DISSOLVE LIQUIDS IN WATER. FOR EXAMPLE,
IF YOU CAREFULLY MEASURE OUT 50 MILLILITERS OF WATER AND 50 MILLILITERS
OF ALCOHOL AND POUR THE ALCOHOL IN THE WATER, YOU WOULD FIND THAT
THE VOLUME OF THE MIXTURE IS LESS THAN 100 MILLILITERS, EXxPLAiIN
HOW THIS IS POSS!IBLE.
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BEHAVIOR OF MATTER
LeveLr: HiGgH ScHoolL

ACTIVITY: SerARATING COMPONENTS OF MATTER

MATERIALS: (PER TEAM)

STRIP OF FILTER PAPER WITH DYE SPOT
PAPER cLIP

2 MASON JARS OR DRINKING GLASSES

PROCEDURES :

A. Pour ABOUT 20 ML OF WATER INTO ONE OF THE JARS, A SPOT OF GREEN
DYE HAS BEEN PLACED NEAR ONE END OF THE FILTER PAPER., HOLD THE
FILTER PAPER AGAINST THE OUTSIDE OF THE JAR SO THE DYE SPOT IS
A SHORT DISTANCE ABOVE THE WATER LEVEL. PusH A STRAIGHTENED
PAPER CL!P THROUGH THE F|LTER PAPER AT THE LEVEL EVEN WITH THE
TOP OF THE JAR,

Beoe LOWER THE FILTER PAPER INTO THE WATER UNTIL THE CLIP RESTS ON
THE JAR, SEE P{CTURE,

C. LEAVE THE FILTER PAPER IN THE WATER UNTIL THE PAPER IS SATURATED
TO THE LEVEL OF THE PAPER CLIP.,

D. REMOVE THE FILTER PAPER FROM THE WATER AND HANG IT IN AN EMPTY
JAR TO DRY. Do NOT TOUCH THE PAPER.

INTERPRETATIONS !
1. How MANY SUBSTANCES WERE PRESENT IN THE ORIGINAL DYE?

2. WHAT PROPERTY OF MATTER DO YOU BELIEVE |S REPONSIBLE FOR THE
SEPARATION?

3. SUGGEST A MODEL TO EXPLAIN HOW THE SEPARATION COULD OCCUR.
You MIGHT SUGGEST DEMONS OR SOME OTHER THEORY TO EXPLAIN WHY
THE SUBSTANCES IN THE DYE SEPARATED. MAKE YOUR OWN 1LLUSTRA~
TIONS, 1F NECESSARY.

. -~ STRAIGHTENED PAPER CLIP

. . «-= MASON JAR OR DRINKING GLASS

. .

-

.—' DYE SPOT

\ .
R B Rt

t

-+ == PAPER JUST BELOW WATER LEVEL

[
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BEHAVIOR OF MATTER
LeveL: Hicy ScHooL

ACTIVITY: THe NATURE oF A FiuM ‘

MATERIALS: (PerR Team)

-

THREAD . WIRE FRAMES
SoAP SOLUTION : . LARGE BEAKER OR PAN FOR SOAP
SEVERAL TOOTH PICKS SOLUTION

SMALL PLASTIC OR GLASS FUNNEL

-~ YLRE FRAMES TO BE USED IN PROCEDURES A-C,

.
U=FRAME .
- b, SO
SQUARE FRAME . _ FINE WIRE (sLiDING BAR)
N //
: LA —\‘:""'"/'/
! <~ THREAD "~ ///“""“‘ THREAD
.- ; N HEAVY WIRE
: s
¢ —*~ HEAVY WIRE _

P _‘/J /
z-

T—— ‘ wWOOD OR STYROFOAM BLOCK

PROCEDURES ¢

Ay TIE A PIECE OF THREAD TO DIAGONALLY OPPOSED CORNERS OF THE
SQUARE FRAME, DIP THE ENTIRE FRAME INTO THE SOAP SOLUTION,
CAREFULLY RAISE THE FRAME OUT OF THE SOLUTION, ANG OBSERVE THE

8 BEHAVICR OF THE THREAD. MAKE A SKETCH AND RECORD YOUR OBSER-
VATIONS, PUNCTURE THE FILM ON ONE SIDE OF THE THREAD WITH A
CLEAN TOOTHPICK, AND OBSERVE WHAT HAPPENS TO THE THREAD.

SKE'CH WHAT YOU SEE AS ACCURATELY AS P0SS1BLE, REPEAT, PUNC-
TURING ALTERNATE SIDES OF THE FILM,

B. SLIDE ONE END OF THE THREAD TO A DIFFERENT CORNER OF THE FRAME,
AND REPEAT PROCEDURE A. RECORD YOUR OBSERVATIONS,

C. DOtp THE U=rRAME (AND SLIDING BAR) INTO THE SOAP SOLUT[ON, AND
REMOVE, GENTLY GRASP THE SLIDING BAR ON BOTH ENDS AND PULL IT
SLOWLY TOWARD THE BLOCK. PREDICT WHAT WILL HAPPEN WHEN YOU
RELEASE THE BAR, RELEASE THE SLIDING BAR AND OBSERVE THE EFFECT,
WAS YOUR PREDICTION CORRECT? RECORD YOUR OBSERVATIONS,

1X
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/L)

FORM A FILM ON THE LARGE END OF THE GLASS FUNNEL BY GENTLY
DIPPING IT INTO THE SOAP SOLUTION, COVER THE SMALL END OF THE
FUNNEL WITH YOUR FINGER, AND RAISE THE FUNNEL FROM THE SOLU=
TIONs BEFORE CONTINUING, PREDICT WHAT WILL HAPPEN TO, THE FILM
WHEN YOU REMOVE YOUR FINGER FROM THE FUNNELe HOLD THE FUNNEL
AT EYE LEVEL AND REMOVE YOUR FINGER, OBSERVE AND RECORD IN
YOUR NOTEBOOK ANY CHANGE IN THE FlLM,

REPEAT THE STEPS OF PROCEDURE D, AND THEN DIP THE FUNNEL INTO
THE SOAP SOLUTION TO FORM A SECOND FILM. RESORD YOUR OBSERVA=
TIONS CAREFULLY.

INTERPRETATIONS ¢

T.

2.

WRITE A DESCRIPTION OF A MODEL THAT RELATES THE BEHAVIOR OF WATER
TO THE PARTJCLES WHICH JOIN TOGETHER TO MAKE WATER DROPS. I[N
GIVING REASONS FOR YOUR STATEMENTS, YOU ARE CARRYING OUT A FUN=
DAMENTAL ACTIVITY OF SCIENCE: THE RCLATING OF EXPERIMENTAL
RESULTS AND THE INTERPRETATION OF THOSE RESULTS IN SUCH A WAY

AS EITHER TO BUILD MORE CONF!DENCE [N THE MODEL OR TO PROVIDE
EVIDENCE THAT MAKES THE MODEL UNSATISFACTORY.

THE FOLLOWING QUESTIONS SHOULD SERVE ONLY AS GUIDEL INES, NOT AS
RESTRICTIONS ON YOGUR THINKING:

A. |IN PROCEDURES A AND B YOU PUNCTURED ONE=HALF OF THE FILM,
WHAT DOES THE BEHAVIOR OF THE THREAD FOLLOWING A PUNCTURE
SUGGEST ABOUT THE PROPERT!ES OF ATOMS OR THE BEHAV]OR OF
DEMONS?

B. HOw CAN YOU ACCOUNT FOR THE BEHAV]OR OF THE FILM IN PROCE=~
OURE C? How CAN YOU ACCOUNT FOR THE REACTION Of THE SOAP
FILM AND SLIDING BAR AFTER IT IS RELEASED?

C. WHY DOES A FILM FORMED ON THE LARGE END OF A FUNNEL BEHAVE
AS {T DOES?
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BEKAVIOR OF MATTER
LeveL: Hieu SchooLr
ACTIVITY: MeaSuReMENT OF PH IN AQUATIC ECOSYSTEMS

MATERIALS (PER TEAM):
A. FOR STUDYING THE ACTION OF INDICATORS

BEAKERS, 50 OR 100 ML, 6 GLASS=MARKING CRAYON
GRADUATED CYLINDER DisTiLLED WATER, 100 ML
GLASS STIRRING RODS, 6 METHYL RED SOLUTION
BROMTHYMOL BLUE SOLUT(ON PHENOLPHTHALEIN SGLUTiON
HYDROCHLORIC ACID SoDIUM HYDROXIDE SOLUTION

Be FOR STuoYING THE PH OF DIFFERENT WATER SAMPLES

WATER SAMPLES, 3 OR MORE TEST TUBES, 1 PER SAMPLE
GLASS=MARKING CRAYON GLASS STIRRING RODS, 1 PER
'‘MICROSCOPE SLIDES, 1 PER SAMPLE SAMPLE
WIDE=RANGE PH TEST PAPER, 1 CM PER

SAMPLE

PROCEDURE A: THE AcTioN OF INDICATORS

1o MARK THE SIX BEAKERS AS FOLLQWS: A=1, B=1, A=2, B-2, A=3, B-3,

2. [INTO EACH BEAKER POUR 15 ML OF DISTILLED WATER, AND ADD A STIRRING
ROD,

3+ To BeAxerRs A=1 AND B=1 ADD A DROP OF METHYL RED SOLUTEON; TO
BEAKERS A=2 AND B=2 ADD A DROP OF BROMTHYMOL BLUE SCLUTION; TO

. BEAKERS A=3 AND B=3 ADD A DROP OF PHENOLPHTHALEIN SOLUTION,

4, IN YOUR DATA BOOK RECORD THE COLOR IN EACH BEAKER,

5« To EACH OF THE THREE A BEAKERS ADD A DROP OF HYDROCHLORIC ACID
AND STIR; TO EACH OF THE B BEAKERS ADD A DROP OF SODIUM HYDROX:DE
SOLUTION (A BASE, OR ALKALI) AND STIR. IF NO COLOR CHANGES OCGUR,
CONTINUE TO ADD ACID, ONE DROP AT A TIME, TO EACH A BEAKER, STIR~
RING AFTER EACH ADDITION, BE SURE TO KEEP EACH STIRRING ROD (N
ITS OWN BEAKER.

6. IN THE SAME WAY, ADD BASE TO EACH B BEAKER. [F, AFTER STIRRING,
A COLOR CHANGE REMAINS IN ANY BEAKER, RECORD THE NEW COLOR NEXT
TO THE OLD AND THE NUMBER OF DROPS OF ACID OR BASE ADDED, WHEN
A COLOR CHANGE HAS OCCURRED IN EITHER BEAKER OF ANY PAIR, YOUR
WORK WITH THAT PAIR IS FINISHEDs CONTINUE THE PROCEDURE UNTIL
A COLOR CHANGE HAS OCCURRED |N ONE BEAKER OF EACH PAIRs

STUDYING THE DATA
le ACCORDING TO THE BACKGROUND INFORMATION GIVEN ABOVE, APPROXIMATELY
WHAT PH SHOULD DISTILLED WATIR HAVE?

. 2, As ACID 1S ADDED TO THE A BEAKERS, WHAT HAPPENS TO THE PH VALUE?
2. As A BASE IS ADDED TO THE B BEAKERS, WHAT HAPPENS TO THE PH VALUE?
. KEEPING THESE IDEAS IN MIND AND REFERRING TO YOUR DATA, ARRANGE

THE INDICATOR COLORS IN ORDER OF INCREAS{NG PH.

5« YOUR TEACHER WILL GIVE YOU THE PH RANGE IN WHICH EACH INDJCATOR
CHANGES COLOR, WITH A WHOLE SERIES OF SUCH INDICATORS, THE
APPROXIMATE PH OF SOLUTIONS CAN BE WORKED OUT,
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PROCEDURE B: THE PH OF DIFFERENT WATER SAMPLES

OBTAIN SAMPLES OF WATER FROM DIFFERENT AQUATIC ENVIRONMENTS,
AMONG THESE SHOULD BE TAP WATER, AQUARIUM WATER, AND WATER FROM A
POND OR STREAM, WATER MIGHT ALSO BE OBTAINED FROM A SWAMP OR B0G,
FROM A POLLUTED STREAM, FROM A ROADSIDE DITCH, ETC. |F SEAWATER
IS NOT AVAILABLE, A SOLUTION APPROXIMATING IT CAN BE MADE UP IN THE
CHEMISTRY LABORATORY. ARRANGE TEST TUBES ON A TABLE, ONE TUBE FOR
EACH WATER SAMPLE. POUR WATER FROM EACH SAMPLE INTO A SEPARATE
TEST TUBE, AND MARK THE TUBES SO THAT YOU CAN IDENTIFY THE SOURCE
OF THE WATER.

QuesTions:
6. WHAT 1S THE PH RANGE DISCOVERED IN YOUR SAMPLES?

T+ ACCORDING TO YOUR EVIDENCE, ARE NATURAL WATERS MORE LIKELY
TO BE ACID, OR ARE THEY MORE LIKELY TO BE ALKALINE?

8. CAN YQU THINK OF ANY REASON FOR THIS? |F SO, STATE ITe

9. WHAT WAS THE SOURCE OF THE SAMPLE THAT IS FARTHEST FROM
NEUTRAL?

10, CAN YOU EXPLAIN WHY IT IS 30 ACID OR SO ALKALINE?
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BEHAVIOR OF MATTER
LeveL: HigH ScHooL

ACTIVITY: HyoroniuM 10N CONCENTRATION, PH

Purpose: TO DETERMINE THE PH OF VARIOUS SOLUTIONS OF COMPARABLE
CONCENTRATSON, AND TO STUDY THE EFFECT OF DILUTION ON THE PH OF
AClOS AND A METALLIC HYDROXIDE,

MATERIALS®

Beaker, 250 ML GRADUATEO CYLINDERS, 10 ML, 50 ML
TesT Tuses PH PAPERS, WIDE RANGE, |.e, A & B,
SoLUTIONS OF ACETIC Aclo (0,10M) NARROW RANGE, 1,E. D, HYORION
AMMONIA WATER (0.10M) PAPERS OR EQUIVALENT PH PAPERS
AmmoNIuM AceTATE (0,10M) H HYOROCHLORIC Acto (O.10M)
PHospHORIC ACID (0.033M) SoDIUM CARBOATE (0,050M)

Sootum cHLORIOE (0.10M) SODIUM HYOROGEN CARBONATE (0.10M)

SootuM HYOROX10E (0,10M)

INTRODUCT ION:

THE CONCENTRATION OF HYDONIUM ION IS USUALLY REPRESENTED BY THE
exPRESSION (H 0%) WHICH MEANS THE HYDRONIUM ION CONCENTRATION IN
MoLES (GRAMIONS) PER LITER OF SOLUTION. A ONE MOLAR {1.0=M) soLu=~
TION OF HYDRONIUM IONS CONTAINS 1 MOLE, 19 G, OF HYDRONIUM ION PER
LITER OF SOLUTION,

PURE WATER SLIGHTLY (ONIZED AND CONTAINS 0.0000001 MOLE of
HYDRONIUM ION PER LITERs. ITS HYDRONIUM iON CONCENTRATION, (H30%) Is
THEREFORE REPRESENTED AS 1.0 x 10T M or 10™{ M, SINCE PURE WATER
IS NEUIRAL, ITS HYDROXIDE ION CONCENTRATION IS ALSO 1,0 X 10T M
orR 107/ M. |IN ANY WATER SOLUTION, THE PROOUCT O THE HYDRONIUM AND
HYOROXIDE ION CONCENTRATIONS IS KNOWN AS THE |ON=-PRODUCT OF WATER
AND IS EQUAL TO 1,0 x 1014, THls EQUILIBRIUM IS REPRESENTED BY
THE EQUATION:

- HoO + Hg0  Hg0" + OH"

FOR NEUTRAL WATER; (25°C) _
Ky = 10°1% = (H,07) x 1076
(1 x 10=1)3 ("1 x 10°T) =1 x 101¥

THE PH OF A SOLUTION IS DEFINED AS THE COMMON LOGARITHM OF THE ..
RECIPROCAL OF THE HYDRONIUM 1ON CONCENTRATION, FOR NEUTRAL WATER,

PH = LoOG ! = L0G
0.£000001 1071
THEReFORe: PH = Lo 10, aND PH = T,

IF THE HYDRONIUM iCN CONCENTRATION (S GREATER THAN THAT OF PURE WATER,
THE PH OF THE SOLUTION IS NUMBERICALLY LESS THAN g. THUS, FOR A
SOLUTION WHICH IS ACIO SUCH AS 0,C0CCO1=M (1 x 10°= M) HCl coMPLETELY

l1oN1Zeo), THE PH IS 6, FOR ACIDIC SOLUTIONS, THEREFORE, THE PH IS
SMALLER THAN Teo THE SMALLER THE PH THE LARGER THE HYORONIUM JON
CONCENTRATION, I|F THE SOLUTION S BASIC, ITS HYODRONIUM [ON CONCEN=
TRATION 1S LESS THAT 107 M AND ITS PH IS LARGER THAN [, For A 1 X
100 «M soLuTioN OF NAOH .(COMPLETELY DISSOCIATED), THE HYDROXIOE {ON
[ERJ!:‘ CONCENTRATAON ts 1 x 10"°, [TsS HYDRONIUM ION CONCENTRATION THEREFORE

122.

1s 1 x 10=°, ano iTs eH 1s 8,




K, = 10~1¥ = (H30*) x 1076
(H3O+) = 10'8; THE PH BEING 8

SUGGESTIONS :

THE TEACHER MAY WISH TO DEMONSTRATE THE USE OF A PH METER TO
COMPLEMENT THE USE OF THE INDICATOR AND TO OBTAIN MORE EXACT PH
READINGS,

PROCEDURE :

1e TEST FOR THE PH OF EACH OF THE SOLUTIONS BY DIPPING A STIRRING
ROD INTO EACH OF THE SOLUTIONS AND APPLYING FIRST TO THE WIDE
RANGE PH PAPER (A AND B) AND IF NECESSARY, TO THE NARROW (SHORT)
RANGE PAPER (D). RECORD YOUR OBSERVATIONS AND COMPLETE DATA
TaeLe 1,

2, EFFECT OF DILUTION ON PH OF ACIDS AND HYDROXIDESe_ START WITH
5¢0 ML OF sTock (0.1=M) soLUTIONS AND DILUTE T0o 50 ML, SAVE
5 ML OF THE DILUTED SOLUTI{ON IN A PROPERLY LABELED TEST TUBE
AND USE ANOTHER 5.0 ML FOR THE NEXT DILUTION TO 50 ML, REPEAT THE
" DILUTION PROCESS U TIMES FOR EACH SToCk O.1-M SOLUTION, IN EACH CASE
SAVING THE 5.0 ML SAMPLE FOR TESTING WITH THE PH PAPERS AS IN PART
«1. RECORD YOUR RESULTS IN DATA TasLE 2.

QUESTIONS:

1. WHICH OF THE SUBSTANCES AMONG THOSE HAVING A DEFINITE ACIDIC
REACTION IS (A) THE STRONGEST A\cw,z sa) THE WEAKEST ACID?
(a) 8

2o WHY 1S A O,1=M soLuTiON OF NAOH A MUCH STRONGER BASE THAN A
O.1=4 soLUTION OF NH3-AQ?

3. WHAT EFFECT DOES DILUTION HAVE ON THE PH oF (A) AN Aclo, (8)
A Base? (A)
(s)

DATA TABLE 1
0.1=N SOLUTIONS INDICATOR cOLOR NumertcaL PH STRENGTH AS ACID
OR BASE

HC |

e e o E————————

H3POY,
NACH

NH3 . -
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. Indicator volors may vary from different manufacturers.

DATA TABLE 2
HU! Caleulated pH Indicator color Ohserved pH

1. 01 M e iee e e e e
2. 0.01 M e e e e e e e e
3. 6.0(‘-1 M e e e e e eeaeaaeens
4, OO0 M e e e e e iiree eeanae eeeases

. 0O N Ll ol A
NaOH Calculated pH Indicator color Obverved pH

LOIM e e e e e e
2 008 M et e e e raaeseee seaseeeeies
LT ( X1 43 1.7 Z O R
4. 9.0001 M e e e

8. 00001 M L. . e e ee s eeasear s b
HC. KO, Indicatour color Observed pH

T R Y A R R
2200088 ... g L L R
L T K1 1) N A R R R
4, 000V M L e e e iteeeeae e e e

R R 1 T3 A R AR R LA
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CHEMICAL FAMILIES
LeveL: HigH ScHooL

ACTIVITY: THe Perioolc LAw

DIRECTIONS: WRITE ANSWERS TO THE FOLLOWING IN THE SPACES PROVIDED.
WHERE APPROPRIATE, MAKE COMPLETE STATEMENTS,

1.

2.

9.

10.

M.

12,

13.

WHO DID THE PIONEER WORK ON THE PERtoDIC TABLE WE USE TODAY?
WHAT IMPORTANT USE 01D HE MAKE OF HIS PERlIoDIC TABLE?

IN WHAT ORDER ARE THE ELEMENTS LISTED IN OUR PRESENT PERIODIC
TasLE?

How D1D MOSELEY ACCOUNT FOR THE FACT THAT THE X=RAY WAVELENGTHS
OBTAINED FROM TWO SUCCESSIVE KNOWN ELEMENTS SOMETIMES HAD TWICE
THE EXPECTED VARIATION?

STATE THE PERIODIC LAW.

WHAT NAME 1S GIVEN TO THE ELEMENTS IN A VERTICAL COLUMN OF THE
Periooic TasLe?

WHAT NAME 1S GIVEN TO THE ELEMENTS !N A HORIZONTAL ROW OF THE
Pertooic TasLE?

WHAT NAME 1S GIVEN TO ELEMENTS WHOSE ATOMS USUALLY DIFFER IN
ELECTRON CONFIGURATION BY THE ENTRANCE OF SUCCESSIVE ELECTRONS
IN A D SUBLEVEL?

WHAT NAME {5 GIVEN TO ELEMENTS WHOSE ATOMS USUALLY DIFFER IN
ELECTRON CONFIGURATION BY THE ENTRANCE OF SUCCESSIVE ELECTRONS
IN AN F SUBLEVEL?

CoMPOSE TWO STATEMENTS DESCRIBING THE PERIODICITY OF ATOMIC
RADI 1.

IN THE REACTION, A + eNerGY=-AT + €=, (A) WHAT KIND OF A PARTICLE
iIs A7?

(8) WHAT NAME DESCRIBES THE ENERGY INVOLVED?

IN QUESTION 11, WHAT KIND OF ELEMENT §s A GENERALLY IF THE QUANTITY
of ENERGY (A) Is LOwW?

(8) Is HiGH?
(c) Is OF INTERMEDIATE VALUE?

How DOES THE 1ONIZATION ENERGY VARY WITH ATOMIC NUMBER WITHIN
A FAMILY OF NONTRANSITION ELEMENTS?
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14,

15.

16,

17.

18.

19.

20.

21.

22,
23.

WHAT CAUSES THE PERIODIC VARIATION OF IONIZATION ENERGY ACROSS A
ROW OF ELEMENTS IN THE PerioD1C TABLE?

WHY 1S THE IONIZATION ENERGY REQUIRED TO REMOVE THE SECOND ELEC=
TRON FROM THE NA ATOM SO VERY MUCH GREATER THAN THAT NESDED TO
REMOVE THE FIRST ELECTRON?

WHY 1S THE IONIZATION ENERGY NEEDED TO REMOVE THE FIRST TWO ELFC=
TRONS FROM THE MG ATOM RELATIVELY LOW?

WHY IS IT EASIER TO REMOVE THE FIRST ELECTRON FROM THE AL ATOM
THAN IT iS TO REMOVE THE FIR5T ELECTRON FROM THE Mg AToM?

IN THE REACTION, A + E~~A + ENERGY, (A) WHAT KIND OF A PARTICLE
i1s A7

() WHAT NAME DESCRIBES THE ENERGY INVOLVED?

FILL IN THE BLOCKS WITH THE SYMBOLS, ATOMIC NUMBERS, ELECTRON=
CONF I GURAT I ON NOTATION, AND BRI{EF STATEMENTS OF PROPERTIES OF THE
ELEMENTS OF THE SECOND AND THIRD FERIODS AS HAS BEEN DONE FOR
BERYLLIUM AND MAGKNESIUM BELOW.

IN WHICH SHELL IS THE DIFFERENTIATING ELECTRON BETWEEN SUCCESSIVE
TRANSITION ELEMENTS?

IN WHICH SHELL IS THE DIFFERENTIATING ELECTRON BETWEEN SUCCESSIVE
RARE~EARTH ELEMENTS?

WHAT ARE THE PRESENT USES OF THE Perlopic TABLE?
FiLL IN THE BLOCKS WITH THE NAMES, SYMBOLS, ATOMIC NUMBERS,

SLECTRON CONFIGURATIONS, AND OTHER DESIGNATED INFORMATION ON
FOLLOWING PAGE.

Be
Y 159
SiL~
VERY 25a
'METAL
Me 1s§ v
12 1234
siL-{2p
VERY |3s
METAL J_

1<6
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CHEMISTRY = CHEMICAL FAMILIES

CHeMIsST

DENTSST

ENGINEERING TECHNICIAN
GEOLOGIST

HoMe EconoMisT
OCEANOGRAPHER

PHYSICIAN

ReGISTERED NURSE

TECHNICAL WRITER
AGRIBUSINESS TECHNICIAN
Datry ProoucTioN TECHNICIAN
FARMER

FisH CuLTURE TECHNICIAN
Livestock PRODUCTION TECHNICIAN
ELECTROPLATER

JEWELERS =~ JEWEL REPAIRMEN

<8

DenTAL HYGENIST

DIETITEANS

CHEMICAL ENGINEER
GeopPHYSICIST

"MeptcAL TESHNOLOGIST
PHARMACIST

PracTicAL NURSE

TEACHER SECONDARY«COLLEGE
VETERINARIAN

AGRICULTURE EXTENSION WORKER
FARM CROP PRODUCTION TECHNICIAN
Fish & WiLDLIFE TECHNICIAN
FonesTer

SoiL SCIENTIST

DenTAL LABORATORY TECHNICIAN
WELDERS
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CHEMICAL FAMILIES
LEVEL: HigH ScHooL

ACTIVITY: TuHe Pertooic TABLE

PROBLEM

THE SCIENTIST USES THE PERi1oDIc TABLE FOR MANY PURPOSES, IT IS

MOST USEFUL IN THE PREDICTION OF PROPERTIES OF ELEMENTS WHICH ARE .
ZAWN UP INTO GROUPS OF RELATED ELEMENTS OR "FAMILIES." How ACCURATELY

CAN WE PREDICT SOME OF THESE PROPERTIES?

INVESTIGATION

THE HALOGEN FAMILY (THE SALT=FORMERS) 1S MADE UP OF FOUR ELEMENTS:
FLuorine (F), Curorine (CL), BRoMine (BR) ano lootne (1). WHEN THE
VARIOUS PROPERTIES OF THESE FOUR ELEMENTS ARE CLASSIFIED, THE RESULTS
ARE AS LISTED IN THE FOLLUWING TABLE.

AtoMic AToMmlicC SPECIFIC APPEARANCE AT MeLTING BOILING
MASS NUMBER DENSITY GRAVITY ROOM TEMP. POINT  POINT

FLUORINE 19 9 1.55 1.11 PALE YELLOW GAS «2230C -186°C

CHLORINE 35 17 3.2k 1.56  GREENOSH YeLLow GAs  =103°C =34.6°C

Bromine 80 3%  7.59 3.12  ReobisH BROWN LiQuip =7.2°C 58.7°C
looine 127 53 11.2] 4,93  GRAvisH=BLACK soLlp  113.5°C 184OC

INTERPRETATION:

1. FLUORINE 1S THE MOST ACTIVE NONMETAL. CHLORINE IS LESS ACTIVE THAN
FLUORINE, BUT MORE ACTIVE THAN EITHER BROMINE OR 10DINE, WHAT PRE=
DICTIONS COULG YOU MAKE CONCERNING THE ACTIVITY OF BOTH BROMINE AND
§ODINE?

2., HOW MANY ELECTRONS ARE IN THE OUTER ENERGY SHELL OF CHLORINE?
3. WHAT ARE THE VALENCES OF BOTH CHLORINE AND 10DINE?

4. How DO YOU THINK THE VALENCE OF BROMINE AND 10DINE COMPARE?
5. FLUORINE COMBINES EXPLOSIVELY WITH HYDROGEN. WHAT LIKELIHOOD

IS THERE THAT THE OTHER HALOGENS WILL ALSO COMBINE WITH HYDRO=-
GEN?

6. CAN YOU ESTABLISH ANY RELATIONSHIP BETWEEN THE ATOMIC MASS OF AN
ELEMENT AND ITS BOILING POINT?

7. WHAT MIGHT BE SIMILAR RELATIONSHIPS BETWEEN THE ATOMIC MASS AND
ANY OTHER DATA LISTED IN THE TABLE?

1<9
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8. ASTATINE, AN ELEMENT OF ATOMIC NUMBER 85 AND ATOMIC MASS 211,
HAS ALSO BEEN CONSIDERED A HALOGEN., WHAT ARE SOME OF THE POSSIBLE

PROPERTIES WHICH YOU THINK IT MIGHT HAVE?

SPECIFIC APPEARANCE AT MELTING BoiLING
DENSITY GRAVITY ROOM TEMP. POINT POINT

APPL ICATION:

CoNSULT A PERIODIC TABLE AND ANSWER THE FOLLOWING QUESTIONS:

1. N THE SPACE AT THE RIGHT, ARRANGE THE FOLLOWING ELEMENTS IN
ORDER OF THEIR CHEMICAL ACTIVITY? .

ELEMENT A1, No,

POTASSIUM 19
LITHIUM
Rusioium 317

WHICH ELEMENT OF THE FOLLOWING wouLp cALCiuM (AT. No, 20) MosT
LIKELY REACT WiTH? (CIRCLE THE PROPER ATOMIC NUMBER )

3 2k 16 ko 47




CHEMICAL FAMILIES
Lever: HieH ScHooL

ACTIVITY: Borax Beao Tests

PURPOSE: TO LEARN HOW TO IDENTIFY METALS BY THE COLDR THEY IMPART
TO A BDRAX BEAD.

MATERIAL ¢
BURNER AND TUBING DiIsH, EVAPORATING
5ecM LENGTH OF No, 24 pLATINUM WIRE, BORAX, POWDERED
SEALED IN THE END DF A GLASS TUBE CuroMiuM (111) SULFATE
10 cM LONG CosALT (!1) NITRATE
IROoN (11) SULFATE MANGANESE (11) SULFATE
Nicker (11) CHLORIDE ' UNKNDWN SALT

INTRODUCTION

BORAX 1S HYDRATED SODIUM TETRABORATE, NaoByO7, 10 HoO. WHEN
IT IS HEATED STRONGLY,!T LOSES WATER OF HYDRATION AND FUSES TO FORM A
COLORLESS GLASSY SOLID. A TINY TRACE OF CERTAIN METALLIC COMPOUNDS,
WHEN FUSKD AS .OXIDES WITH SUCH A BDRAX GLASS, IMPARTS A CHARACTERIS=
TIC COLOR WHICH MAY BE USED TO IDENTIFY THE METAL., THE COLORED BEAD
FORMED IN THE LOOP AT THE END OF A PLATINUM WIRE IS A METABORATE OF
THE METAL.

PROCEDURE :

A. MAKE A BORAX BEAD AS FOLLOWS: BEND THE TiP OF A PLATINUM WIRE
AROUND THE POINT OF A LEAD PENCIL TO FORM A LOOP ABOUT 3 MM IN
DIAMETER. HEAT THE WIRE WHITE=HOT AND THEN DIP IT INTO SOME
POWDERED BORAX. HOLD IT IN THE OXIDSZING FLAME OF YOUR BURNER
UNTIL THE BORAX HAS MELTED TO A CLEAR GLASS. AVOID USING TOO
MUCH BORAX AS A LARGE BEAD WILL SIMPLY DROP OFF THE WIRE. A
CERTAIN AMOUNT OF EXPERIMENTATION iS NECESSARY TO GET THE BEST
RESULTS,

OBSERVATIONS ¢

B. REHEAT THE BEAD IN THE LOOP OF WIRE AND TOUCH IT, WHILE HOT,
TO A VERY SMALL FRAGMENT (NOT BIGGER THAN A TINY SPECK) OF CO=-
8ALT (11) NITRATE. NOW HEAT THE BEAD AGAIN IN THE OXIDIZING
FLAME. THE FIRST FRAGMENT WILL PROBABLY BE ENOUGH TO IMPART
A DISTINCT COLOR TO THE BEAD. |[F IT DOES NOT DO SO, ADD ANOTHER
TINY SPECK OF THE COBALT (i1) SALT. THE BEAD THAT FORMS SHOULD
BE COLORED, BUT GLEAR AND TRANSPARENT. IF 17 1S BLACK OR OPAQUE,
T00 MUCH CDBALT (11) NITRATE WAS USED., [N SUCH AN EVENT, YOU
MUST MAKE A NEW BEAD AND START OVER. TO REMOVE THE BEAD FROM
THE WIRE, HEAT IT STRONGLY, HOLD IT OVER AN EVAPORATING DISH, AND
STRIKE THE HAND HOLDING THE WIRE AGAINST THE CLENCHED FIST OF
YOUR OTHER HAND. MOST OF THE BEAD WILL BE DISLODGED AND DROP
INTO THE EVAPORATING DISH., TRACCS OF THE BEAD REMAINING CAN BE

Q
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REMOVED BY HEATING THE WIRE AND THEN PLUNGING {T INTO COLD WATER.
(CAUTION: DO NOT DIP THE END OF THE GLASS HANDLE IN THE WATER,
WHY?) THE SHATTERED FRAGMENTS OF THE BEAD CAN THEN BE RUBBED OFF
BETWEEN THE FINGERS.

OBSERVATIONS:

BEFORE MAKING A NEw BEAD WITH A DIFFERENT METALLIC COMPOUND,
CLEAN THE WIRE BY MAKING A BORAX BEAD AND SHAKING IT OFF INTO
THE EVAPORATING DISHe REPEAY IF NECESSARY. THE MELTED BORAX
REMOVES TRACES OF THE COLORED BEAD FROM THE PREVIOUS TEST,
DETERMINE THE COLOR IMPARTZD TO BORAX BEADS BY TRACES OF
THE FOLLOWING COMPOUNDS: CHROMIUM (111) SULFATE, MANGANESE (11)
SULFATE, AND NICKEL (11) CHLORIDE. RECORD YOUR RESULTS 1IN THE
CATA TaBLE,

OBSERVATIONS:

D.

THE COLOR OF A BEAD, COLORED BY AN IRON COMPOUND, DEPENDS ON
WHETHER THE BEAD IS HEATED IN THE OXIDIZING OR !N THE REDUCING
FLAME OF YOUR BURNER. IRON (11) METABORATE HAS A DIFFERENT *
COLOR FROM I1RON (111) METABORATE. ADD A TRACE OF IRON (11)
SULFATE TO THE BORAX BEAD, AND THEN HEAT IT IN THE OXIDIZING
FLAME OF YOUR BURNER. REPEAT, USING IRON (11) suLraTe, sur

HOLD THE BEAD IN THE REDUCING FLAME, ALLOW THIS SECOND BEAD TO
COOL IN THE UNBURNED GAS JUST ABOVE THE TOP OF THE BURNER BEFOKE
YOU EXPOSE IT TO THE AlR. RECORD THE RESULTS tN THE DATA TABLE
AS BEFORE,

OBSERVATIONS ¢

E. PROCURE AN UNKNOWN FROM YOUR INSTRUCTOR AND PROCEED F0 IDENTIFY
THE METAL IT CONTAINS BY THE BORAX BEAD TEST., RECORD YOUR RE=
SULTS IN THE DATA TABLE.

OBSERVATIONS:
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DATA TABLE

BeAp coLon

METAL PRESENT (wHEN cooL)

CoBALT
CHROMIUM

. MANGANESE
NickeL

iron (OX1DI1ZING FLAME)

IroN (REDUCING FLAME)
UNKNOWN

THE METAL PRESENT IN THE UNKNOWN WAS

QUESTIONS: ANSWER {N COMPLETE STATEMENTS

1, WHY 1S THE IRON=BEAD COLOR DIFFERENT WHEN FORMED IN THE OXIDIZING
FLAME RATHER THAN IN THE REDUCING FLAME?

2. WHAT COLORING ELEMENT WOULD YOU SUSPECT IN PALE=GREEN GLASS?
WHAT WOULD BE THE LIKELY SOURCE?
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CHEMICAL FAMILIES
LEveL: HigH ScHooL

ACTIVITY: ConpucTivITY OF SOLUTIONS

MATERIALS: (PER TEAM)

8 UARs OR BEAKERS, 250-ML CoNDUCTIVITY INDICATOR, BATTERY=-
OPERATED

SOLUTIONS ¢

Sootum cHLORIDE (NACL) HyorocHLORIC Acip (HCL)

SoDiuM HYDROX1DE (NAOH) MeTHYL ALcoHolL (CH,OH)

TaBLE sucAR (CqgH22011) POTASSIUM BROMIDE %KBR)

BARIUM CHLORIDE (BACL2)

PROCEDURES ¢

A, ARAANGE A SERIES OF EIGHT JARS OR BEAKERS, EACH CONTAINING ONE
OF THE SOLUTIONS LISTED. LABEL EACH JAR. POUR SOME DISTILLED
WATER INTO THE E!GHTM BEAKER. COPY THE CHART SHOWN BELOW,

B, PLACE THE TWO ELECTRODES OF THE CONDUCTIVITY INDICATOR IN ONE
OF THE SOLUTIONS. RECORD YOUR OBSERVATIONS ON THE CHART. WIPE
THE ELECTROGES CAREFULLY, AND TEST ANOTHER SOLUTION. RECORD YOUR
OBSERVATIONS. REPEAT WITH EACH SOLUTION, DO NOT ALLOW THE ELEC=
TRODES ‘g0 TCYCH AND TRY TO KEEP THEM THE SAME DISTANCE APART FOR
ALL TRIALS,

_ GLow OF LIGHT BuLs H
SOLUTION BRIGHT DiMm NoNE
SopluM CHLORIDE NaCL
HyopocuLozic +ClID HCL b
SODIUM HYDROX ! DE NACH
METHYL ALCOHOL CH3QH
TABLE SUGAR C12H2201 1
POTASS1UM BROMIDE KBr
BARIUM CHLORIDE BaCl2
WATER H20

INTERPRETATIONS ¢

1. WHICH ELEMENTS LISTED SEEM TO FORM COMPOUNDS THAT CONDUCT ELECTRICITY?
2. RECALL THAT ELEMENTS IN THE LITHIUM FAMILY LOSE ELECTRONS, AND ELEMENTS
IN THE FLUORINE FAMILY GAIN ELECTRONS MORE EASILY THAN DO ELEMENTS IN
OTHER FAMILIES, |S THE EASE WITH WHICH AN ELEMENT GAINS OR LOSES ELEC=
TRONS RELATED TO THE CONDUCTING ABILITY OF A SOLUTION CONTAINING A
COMPOUND OF THAT ELEMENT? |F SO, DESCRIBE THE RELATIONSHIP.

3¢ NAME SOME OTHER COMPOUNDS THAT SHOULD CONDUCT ELECTRICITY. Ir You
TEST YOUR HYPOTHESES, BE SURE TO CHECK WITH YOUR TEACHER FIRST,

4, COMPARE THE CONDUCTIVITY OF THE DRY CHEMICALS WITH THE CONDUCTIVITY

OF THE SAME CHEMICALS N SOLUTION. EXPLAIN ANY DIFFERENCES NOTED.

5. DESCRIBE A MODEL THAT MIGHT EXPLAIN WHY CERTAIN SOLUTIONS ARE ABLE

TO CONDUCT ELECTRICITY WHILE OTHERS ARE NOT.

Q
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CHEMICAL FAMILIES
Lever: HigH SchooL
ACTIVITY: AMMONIA, THE AMMONIUM lON, AND THE NITRATE lON

PurRPOSE: TO PREPARE AMMONIA, STUDY ITS PROPERTIES, AND TO DIFFERENTIATE
BETWEEN THE AMMONIA MOLECULE AND THE AMMON!UM ION, TO LEARN HOW TO

IDENTIFY THE NITRATE |ON, .
MATERTAL :

BALANCE, PLATFORM ' BeAKER, 2950 ML

2 BOTTLES, WIDE MOUTH SURNER AND TUBING
CLamP, BURET CLAMP, TEST TUBE
forcers GLASS BEND

GLASS PLATES GRADUATED CYLINDER
MORTAR AND PESTLE ’ RING STAND

3 RUBBER STOPPERS, SoL!D No, 2 RusBER STOPPER, 1=HOLE No. 4
TesT TUBES Test TUBE, PYREX
WinG ToP AMMONIUM CHLORIDE

AMMONIUM SULFATE CALCIUM HYDROXIDE

Iron (11) suLraTe LITMUS PAPERS, RED AND BLUE
WOODEN SPLINTS AMMON 1A=WATER SOLUTION, CON=
HYDROCHLORIC ACID, CONCENTRATED CENTRATED

SULFURIC ACID, CONCENTRATED
SOLUTIONS OF:

PoTAsstuM HYDROX1DE (2.5 M) SopiuM HYDROX10E (2.5 M)
Soptum NITRATE (0.5 M)

INTRODUCTION:

ALMOST EVERYONE IS FAMILIAR WITH THE PENETRATING ODOR OF AMMONiA.
AMMONIA, NHa, 1S A GAS AT ORDINARY TEMPERATURES AND PRESSURES. THE
AMMONIUM 10N, NHY*, 1S A RADICAL WITH A POSITIVE CHARGE OF ONE WHICH
IS NEVER FOUND ALONE, BUT ALWAYS IN CONJUNCTION WITH A NEGATIVE ION.
WHEN A SOLUTION OF A HYDROXIDE REACTS WITH AN AMMOWIUM COMPOUNDS,

THE PRODUCTS ARE A SALT, AMMONIA, AND WATER. [F ANY AMMONIUM HYDROXIDE
MOLECULES ARE FORMED AT ALL, THEY DO NOT PERSIST AS SUCH, BUT IMMED=
IATELY DECOMPOSE INTO AMMONIA AND WATERe SOME OF THE AMMONIA ESCAPRES
FROM THE SOLUTION AS A GAS; AS A RESULT, SUCH MIXTURES HAVE THE READILY
DETECTED ODOR OF AMMONIA,

PROCEDURE :

1. Putr 0.5 G OF pRY AMMONIUM CHLORIDE ON ONE SQUARE OF PAPER, AND

0.5 G OF CALCIUM HYDROXIDE ON ANOTHER SQUARE, SMELL EACH OF THE CHEM¢~
CALS IN TURNe RESULT? THEN MIX THE CHEMICALS, STIRRING THEM TOGETHER.
PUT A SMALL QUANTITY OF THE MIXED CHEMICALS IN THE PALM OF ONE HAND,
AND THEN RUB YOUR PALMS TOGETHER FOR A HALF-MINUTE. Now, CAUTIOUSLY,
SMELL THE MIXTURE §N YOUR HAND. RESULT? HOLD A PIECE OF WET, RED
LITMUS PAPER JUST ABOVE THE CHEMICAL MIXTURE IN YOUR PALM. RESULT?
ExPLAIN,

OBSERVATIONS®

.
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2. REPEAT PART 1, USING AMMONIUM SULFATE INSTEAD OF AMMONIUM CH.ORIDE,

OBSERVATIONS ¢

3. FIT A LARGE PYREX TEST TUBE WITH A RUBBER STOPPER AND L=TUBE AS
SHOWN BELOW. GENTLY MiIX U G OF AMMONIUM CHLORIDE AND 3 G OF CALCIUM
HYDROXIDE IN A MORTAR, AND THEN ADD THE MIXTURE TO THE TEST TUBE.
SPREAD THE MIXTURE IN THE TEST TUBE. WHY? CLAMP THE TEST TUBE IN THE
POSITION SHOWN FOR COLLECTING THE GAS. THE ROUND END OF THE TEST TUBE
SHOULD BE SLIGHTLY MIGHER THAN THE STOPPER SND. WHY? (WHAT PRODUCTS
ARE FORMED?) HEAT THE TEST TUBE GENTLY AND COLLECT THREE DRY, SMALL
TEST TUBES OF THE GAS AND STOPPER THEMe THE GOLOR CHANGE OF MOIST
STRIPS OF RED LITMUS PAPER HELD ABOUT TWO INCHES FROM THE OPEN END

OF A TEST TUBE WILL INDICATE WHEN IT IS FULL OF AMMONIA, WHAT PHYSI=
CAL PROPERTIES OF AMMONIA HAVE YOU OBSERVED IN THIS PREPARATION?

OBSERVATIONS ¢

4, USING THE SAMPLE OF AMMONIA IN ONE SMALL TEST TUBE, DEVISE AND
CONDUCT AN EXPERIMENT TO DETERMINE THE DEGREE OF SOLUBILITY OF AMMO=
NIA IN WATER., DESCRIBE YOUR EXPERIMENT AND THFE RESULTS YOU ORTAIN.

OBSERVATIONS ¢
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5. USING THE SAMPLE OF AMMONIA IN A SECOND SMALL TEST TUBE, DEVISE
AND CONDUCT AN EXPERIMENT TO DETERMINE IF AMMONIA BURNS “ND/OR SUPPORTS
COMBUSTION, DESCRIBE YOUR EXPERIMENT, INCLUDING THE PROPER TEST TUBE
POSITION, AND THE RESULTS YOU OBTAIN.

OBSERVATIONS:

6. ADJUST THE GENERATOR SO THAT AMMONI!A CAN BE PASSED INTO A SMALL
BEAKER HALF=FULL OF WATER FOR A FEW MINUTES. DO NOT LET THE END OF
THE TUBE TOUCH THE SURFACE OF THE WATER. WHY? USING AN APPROPRIATE
TECHNIQUE, TEST THE SOLUTION FORMED WITH LITMUS PAPER. ResuLt? THEN
POUR 10 ML OF THE SOLUTION FORMED INTO A TEST TUBE, BOIL THE SOLUTION
FOR SEVERAL MINUTES, USING A LOW BURNER FLAME, FROM TIME TO TIME

TEST THE SOLUTION, USING A PROPER METHOD, TO DETERMINE WHETHER ALL

THE GAS IN EXPELLED FROM SOLUTION BY BOILING, REesuLT?

OBSERVATIONS:

7. INVESTIGATE THE POSSIBILITY OF A REACTION BETWEEN AMMONIUM CHLORIDE
AND SOD!UM HYDROXIDE IN SOLUTION, DETERMINE THE NECESSARY CONDITJONS
AND THE PROBABLE PRODUCTS OF SUCH A REACTION, How COULD YOU IDENTIFY
THE PRODUCTS? AFTER DEVIS!NG A SUITABLE TECHNIQUE, CARRY OUT THE
REACT!ION, IDENTIFYING THE GASEOUS PRODUCT, DESCRIBE YOUR EXPERIMENTAL
METHOD AND YOUR RESULTS. IN A SIMILAR MANNER, INVESTIGATE THE POSSi~
BILITY OF A REACTION BETWEEN AMMONIUM SULFATE AND POTASSIUM HYDROXIDE
IN SOLUTION. CARRY OUT THE REACTION, IDENTIFYING TAE GASEOUS PRODUCT,.
DESCRIBE YOUR RESULTS,

OBSERVATIONS:

8. ADD ONE GRAM OF AMMONIUM CHLORIDE CRYSTALS TO A DRY TEST TUBE.
USING A LOW BURNER FLAME, HEAT THE TUBE GENTLY. AT THE SAME TIME,
HOLD WITH FORCEPS A STRIP OF MOIST RED LITMUS PAPER INSIDE THE MOUTH
OF THE TUBE. KEEP THE LITMUS PAPER MOIST BY ADDING A DROP OF .WATER
FROM A GLASS ROD AS NEEDED. LOOK FOR FIRST ONE, AND THEN ANOTHER,
COLOR CHANGE TO OCCUR IN THE LITMUS PAPER. RESULT? WHY? WHAT
COLLECTS ON THE UPPER WALLS OF THE TEST TuBe? How DiD IT GET THERE?
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OBSERVATIONS:

9. USING A LOW BURNER FLAME, CAREFULLY HEAT TWO WIDE=MOUTH BOTTLES
UNTIL THEY ARE MODERATELY WARM TO THE TOUCHe. ADD THREE DROPS OF CON~
CENTRATED HYDROCHLORIC ACID TO ONE BOTTLE AND COVER IT WITH A GLASS
PLATE. WHAT HAPPENS TO THE CONCENTRATED HYDROCHLORIC ACID WHEN PLACED
IN A WARM BOTTLE? TAKE THE OTHER BOTTLE TO A DISTANT CORNER OF THE
LABORATORY AND THERE ADD THREE DROPS OF CONCENTRATED AMMONJA=WATER
SOLUTION TO T AND COVER WITH A GLASS PLATE. WHAT HAPPENS TO THE
"CONCENTRATED AMMONIA=WATER SOLUTJION? BRING THE COVERED BOTTLE CONw
TAINING AMMONJA TO YOUR WORK PLACE AND INVERT IT OVER "HE BOTTLE
CONTAINING THE HYDROGEN CHLORIDE. REMOVE THE GLASS PLATES, RESULT?
ExPLAIN,

OBSERVATIONS @

10. PREPARE A SOLUTION OF AMMONIUM CHLORIDE BY ADDING 0.5 OF THIsS

SALT TO 10 ML OF WATER. SIMILARLY PREPARE A SOLUTION OF AMMONIUM
SULFATE, TEST EACH SOLUTION WITH RED AND BLUE LITMUS PAPERS. RESULTS?
EXPLAIN THE RESULTS IN TERMS OF THE BRONSTED ACID=BASE CONCEPT,

OBSERVATIONS ©

11. PLACE 5 ML OF FRESHLY PREPARED IRON ([|) SULFATE SOLUTION IN A
TEST TUBE. ADD 2 ML OF SODIUM NITRATE SOLUTION., MIX THE SOLUTIONS,
AND THEN ADD 3 ML OF CONCENTRATED SULFURIC ACID, HOLDING THE TEST TUBE
IN AN INCLINED POSITION SO THE ACID WILL RUN COWN THE SIDE OF THE TUBE
WITHOUT MIXING WITH THE CONTENTS. THE DENSE SULFURIC ACID SINKS TO

THE BOTTOM OF THE TUBE. THE COLORED LAYER FORMED WHERE THE TWO LIQUIDS
MEET SERVES AS TEST FOR A NITRATE, REPEAT THE TEST, USING 1 NITRIC
acio: 20 waTer (YOU PREPARE) INSTEAD OF SOD!UM NITRATE SOLUTION.
ResuLt?

OBSERVATIONS 3




EQuATIONS:

WRITE IONIC EQUATIONS WHERE APPROPRIATE,

1.

2.

AMMONIUM CHLORIDE AND CALCIUM HYDROX IDE
AMMON UM SULFATE AND CAACIUM HYDRCXIDE
AMMONIA AND WATER

AMMONIUM CHLORIDE AND SODIUM HYDROXIDE
AMMONIUM SULFATE AND POTASSIUM HYDROXIDE
HEATING DRY AMMONIUM CHLORIDE

AMMONIA AND HYDROGEN CHLORIDE

AMMONIUM 10N AND VWATER

9

tnt

1
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CHEMISTRY - NUCLEAR ENERGY

CHEMIST

CHEMICAL ENGINEER
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TECHNICAL WRITER
RADIOLOGIST

ENGINEERING TECHNICIANS
GeoLoGisT

TEACHER SECONDARY=COLLEGE
VETERINARIANS

X=RAY TECHNICIANS
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NUCLEAR ENERGY
LeveL: HieH ScrooL

ACTIVITY: RADIOACTIVE lSOTOPES

PROBLEM:

RADIOACTIVE ISOTOPES, LIKE OTHER RADIOACTIVE SUBSTANCES, GIVE OFF
RADSATIONS THAT CAN BE DETECTED WITH INSTRUMENTS, HOW IS A RAD!O-
ACTIVE ISOTOPE USED AS A TRACER ELEMENT TO CHECK ON ABSORPTION OF

THE ELEMENT BY A PLANT?
-~

MATERIALS ¢
YOUNG TOMATO PLANTS, 5 OR 6 INCHES HIGH WIDE=MOUTH BOTTLES LARGE ENOUGH

10 MICROCURIES OF RADIOACTIVE SODIUM TO HOLD THE ROOTS OF THE PLANTS
PHOSPHATE (CONTAINING RAD!OACTIVE GEIGER COUNTER
PHOSPHORUS 32) PHOTOGRAPHIC PRINT PAPER

HEAVY ALUMINUM FOIL

(CAUTION: THIS EXPERIMENT SHOULD BE DOME UNDER THE DIRECTION OF A
TEACHER FAMILIAR WITH THE HANDLING OF RADIOACTIVE MATERIALS,)
ALTHOUGH 10 MICROCURIES OF RADIOACTIVE PHOSPHORUS 32 IS RELATIVELY
HARMLESS, ALL RADIOACTIVE MATERIALS SHOULD BE HANDLED CAREFULLY,
SHOULD NOT BE SPILLED ON THE SKIN OR CLOTHING, AND SHOULD BE bLIS=
POSED OF BY WASHING DOWN A DRAIN WITH LARGE AMOUNTS OF WATER,

PROCEDURE :

REMOVE A PLANT FROM THE SOiL, AND WASH THE ROOTS CAREFULLY IN
RUNNING WATER, PLACE THE ROOTS OF THE PLANT IN A BOTTLE CONTAINING
WATER AND 10 MICROCURIES OF RADIOACTIVE SODIUM PHOSPHATE. WRAP
THE BOTTLE IN 3 OR Ul SHEETS OF HEAVY ALUMINUM FOIL, AND CHECK THE
OUTSIDE RADIOACTIVITY WiTH THE GEIGER COUNTER. AT 15=MINUTE INTER=-
VALS, REMOVE A LEAF FROM THE BOTTOM AND THE TOP OF THE PLANT. AND
PLACE EACH PAIR OF LEAVES ON A WRAPPED SHEET OF PRINT PAPER., WRAP
THE LEAVES AND THE PRINT PAPER WITH A PIECE OF ALUMINUM FOIL AND
LEAVE IN A DARK PLACE OVERNIGHT. DEVELOP THE PRINT PAPERS, REPEAT
THE EXPERIMENT, USING LEAVES FROM A PLANT IN PLAIN WATER,

OBSERVAT IONS :
1. WHAT 1S THE PURPOSE OF THE PLANT IN THE BOTTLE OF PLAIN WATER?

2. WHY 1S THE EXPER!MENTAL BOTTLE WRAPPED WITH SHEETS OF ALUMINUM
FoOiL?

3. Do THE TOP OR BOTTOM LEAVES OF THE PLANT SHOW AN INTAKE OF
RADIOACT IVE MINERALS FIRST?

4. WHAT is THE EFFECT OF THE LENGTH OF TIME THE PLANT IS IN THE
RADIOACT { VE SOLUTION ON THE AMOUNT OF RADIATION SHOWN BY THE
LEAVES?

INTERPRETATION:
THE STATEMENTS IN COLUMN B EXPLAIN WHY THE LEAVES FROM THE PLANT
IN THE RADIOACTIVE WATER PRODUCE AN IMAGE ON THE PRINT PAPER. A
Q NUMBER OF SUPPORTING REASONS THAT EXPLAIN WHY EACH STATEMENT IS TRUE
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8.

c.

Fo

ARE GIVEN IN CoLumn A,

/i

MATCH THE LETTER OF THE CORRECT REASON IN

CoLUMN A WiTH THE STATEMENT IT SUPPORTS IN COLUMN B AND WRITE THE
LETTER OF YOUR ANSWER IN THE SPACE PROVIDED,

CoLumn A

ALL RADIOACTIVE ELEMENTS DISINTE=
GRATE AT A CONSTANT RATE.

PHOTOGRAPHIC PAPER 1S EXPOSED BY
LIGHT OR RADIATIONS,

AToMS OF ISOTOPES HAVE THE SAME
NUMBER OF ELECTRONS AND PROTONS
AS ORDINARY ATOMS OF THE ELEMENT,

THE NUMBER OF NEUTRONS iIN THE
NUCLEUS OF AN ELEMENT MAY BE
CHANGED IN AN ATOMIC REACTOR,

RADIATIONS GIVEN OFF 8Y A RADIO=-
ACTIVE SUBSTANCE ARE IN THE FORM
OF HIGH~ENERGY PARTICLES AND
RAYS,

LIVING ORGANISMS USE ATOMS OF

RADIOACTIVE I1SOTOPES AND
ORDBNARY ELEMENTS IN THE SAME
WAY o

APPLICATIONS:

2.

3.

IMAGE «

CoLumN B

SOME ELEMENTS CAN BE CHANGED
INTG RADJOACTIVE JSDTOPES.

|SOTOPES HMAVE THE SAME CHEMI=
CAL PROPERTIES AS THE ORDINARY
FORM OF THE ELEMENT.

THE LEAVES OF THE PLANT AB=~
SORB THE RADIOACTIVE ATOMS.

THE NUGLE! OF RADIOACTIVE
ATOMS DISINTEGRATE.

THE RADIOACTIVE ATOMS IN THE
LEAVES GIVE OFF RADIATIONS,

THE RADIATIONS EXPOSE THE
PR!NT PAPER TO FORM AN

RADIOACTIVE JODINE WITH A HALF=LIFE OF EIGHT DAYS 1S ONE OF THE PRO=

DUCTS FOUND IN THE FALLOUT PRODUCED BY ATOMIC~BOMB TESTS.

THis

RADIOACTIVE ISOTOPE FINDS ITS WAY INTO FOOD EATEN BY COWS; AND AS
A RESULT, THE MILK PRODUCED MAY CONTAIN A DANGEROUS AMOUNT OF RADIO=-

ACTIVE MATERIAL.

EXPLAIN WHY SOME SCIENTISTS BELIEVE THAT IN TIMES

OF A GREAT DEAL OF FALLOUT IT WOULD BE SAFER TO USE POWDERED OR
CANNED MILK RATHER THAN FRESH MILK,
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NUCLEAR ENERGY
Lever: HigH ScHoot
ACTIVITY: Protection FROM RADIATIONS
PROBLEM $

YOU HAVE LEARNED THAT ONE WAY TO REDUCE THE RADIATIONS WHICH AN OBJECT
ABSORBS 1S TO INCREASE ITS DISTANCE FROM THE RADIATING SOURCE. [N
SOME CASES, THIS METHOD OF REDUAING RADIATION IS IMPOSSIBLE, AS IN

THE CASE OF SCIENTISTS WHO WORK WITH "HOT" MATERIALS. WHAT ARE THE
EFFECTS OF SHIELDING MATERIALS IN REDUCING THE AMOUNT OF RADIATJONS
ABSORBED ?

MATERIALS?

GEIGER COUNTER WITH MOVABLE PROBE
MOUNTING F!XTURE

IrRON PIPE

RADIOACTIVE SOURCES
SECTIONS OF LEAD PIPE
ALUMINUM TUBING

GRADUATED cYLINDER (100ML) CARDBOARD CYLINDER FROM THE
WRiIST WATCH WITH A LUMINOUS DIAL INSIDE OF A TISSUE ROLL
STOP WATCH OR A WATCH WITH A SWEEP SECOND HAND.

PROCEDURE $

CONNECT THE GEJGER COUNTER TO AN ELECTRICAL OUTLET AND TURN T
ON, LISTEN FOR CLICKS, .OR WATCH FOR rLAsuss--wucnsvsa uernoo APPLIES
TO THE GE!GER COUNTER IN USE, COSMIC RAYS AND "FALLOUT" wiLL PRODUCE
OCCASIONAL CLICKS AND FLASHES ON THE MEASURING INSTRUMENT. THESE
READINGS ARE CALLED THE "BACKGROUND COUNT" AND MUST BE MEASURED OVER
A PERIOD OF TIME. THEN THIS READING MUST BE SUBTRACTED FROM ANY
SUBSEQUENT READ INGS -WHICH ARE MADE WITH RADIOACTIVE MATERIALS OVER
THE SAME PERIOD OF TIME.

PLace SOurRcCeE A, Source B, AaNnD THE WATCH DIAL AT UNIFORM DISTANCES
FROM THE PROBE, MEASURE THE READINGS FO® EACH OF THE THREE MATERIALS
UNSHIELDED AND WITH EACH OF THE LISTED SHIELDS. RECORD YOUR DATA
IN THE TABLE BELOW,

OBSERVATIONS $
READINGS AT 25 CM OVER A PERIOD OF 2 MINUTES.

SHIELDED  SHIELDED
SHIELDED SHIELDED SHIELDED BY GRADU= BY CARD=

BY LEAD BY IRON BY ALUMS= ATED CYL=  BOARD
UNSHIELDED PIPE PIPE NUM TUBING INDER CYL | NDER
SOURCE A (AN NN NN NNEY) (RN X XN Y N ] [ 'R XN XN J o000 0000000 [ E XN XN NNN] [ A N NN NN N
SOURCE B o0 00000000 (AN X E N NN Y [ N X NN NN J 200 00,0000 [ X NNREN X X [ X X N NN N N J
WATCH DlAL o000 0000000 [ AN N NN N N ) [ A X XN NN ] (AN N NN NN NN o000 0000060 o000 00090

INTERPRETATION:

IN THE FOLLOWING GROUP OF STATEMENTS, PLACE THE LETTER OF THE TERM
WHICH CORRECTLY COMPLETES EACH STATEMENT IN THE SPACE PROVIDED.

1e THE MOST EFFECTIVE SHIELD AGAINST RADIATION IS THE
(a) 1ron; (B) ctass; (c) carosoaro; (p) ALuMiINUM.
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2.

3.

5.

1.

/2

THE LEAST EFFECTIVE SHIELD AGAINST RADIATION IS THE
(a) 1ron: (B) auass; (c) caroBoArD; (D) ALuMINnuM,

ONE WAY TO REDUCE THE RADIATIONS ABSORBED THROUGH

GLASS 1S TO {A) USE MORE SQUARES OF GLASS; (B) TURN THE DIAL
TO THE MOST SENSITIVE READING; (C) USE A STRONGER SOURCE;
(p) LESSEN THE DISTANCE BETWEEN SOURCE AND COUNTER.

THE CONTINUAL CLICKS WHICH ARE HEARD AS SOON AS THE
COUNTER IS TURNED ON ARE DUE To (A) RADtuM; (B)

RAD 10ACTIVE SUBSTANCES WITHIN THE MACHINE; (c)
cosMic RAYs; (o) Leao,

WHEN MAKING A READING FOR ANY GIVEN RADIOACTIVE . * 3.
SOURCE, THE BACKGROUND COUNT IS (A) ADDED TO THE
READING; (8) SUBTRACTED FROM THE READING; (c) 1G-
NORED: (D) MULTIPLIED BY THE READING.

IF THE ALUMINUM TUBING PRODUCED A LOWER READING
THAN THE LEAD PIPE, YOU SHOULD SUSPECT (A) THAT THE
ALUMINUM=SH I ELDED SOURCE WAS CLOSER TO THE PROBE;
(8) THAT THE LEAD=SHIELDED SOURCE WAS CLOSER TO THE
PROBE; (C) THAT THE THICKNESS OF THE ALUMINUM WAS
LESS; (D) THAT THE THICKNESS OF THE LEAD WAS LESS.

If THE IRON SHOWED LESS SHIELDING POWER THAN THE
CARDBOARD, YOU WOULD SUSPECT (A) THAT THE IRON WAS
THICKER THAN THE CARDBOARD; (B) THAT THE CARDBOARD
WAS THINNER THAN THE IRON; (C) THAT THE PROBE WAS
CLOSER TO THE IRON=SHIELDED SOURCE; (D) THAT THE
PROBE WAS CLOSER TO THE CARDBOARD=SHIELDED SOURCE.

APPLICATION®

1.

2.

ERIC

X«=RAY TECHNICIANS FREQUENTLY WEAR APRONS THAT ARE LINED WITH LEAD.
SCIENTISTS WORKING AROUND NUCLEAR REACTORS DO NOT TAKE THIS PRE=-
CAUTION, WHAT PRECAUTIONS DO YOU THINK THE LATTER GROUP OF
SCIENTISTS TAKE INSTEAD?

WHAT OTHER OCCUPATIONS WOULD NEED TO BE CONCERNED WITH EITHER
THE USE OF RADIOACTIVE MATERIALS OR THE PROTECTION FROM HARM=
FUL RADIATIONS,
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NUCLEAR ENERGY
LeveL: HiGH ScHooL

ACTIVITY: ENERGY FROM MATTER

STUDENT ACTIVITIES:
A, MAKE A SPINTHARISCOPE,

A SPINTHARISCOPE IS A DEVICE FOR OBSERVING THE EMISSION OF PART=
ICLES FROM A RADIOACTIVE SOURCE. .

MATERIALS:
SMALL LENS SMALL 80X (AIR=TIGHT)
LUMINOUS WATCH DIAL CONTAINING A RADIOACTIVE SUBSTANCE,

SOME WATCHES USE PHOPHORESCENT PAINT, WHICH DOES NOT CONTAIN A
RADIOACTIVE SUBSTANCE, SUCH WATCHES ARE NOT USEFUL FOR THIS ACTIVITY.

MOUNT THE LENS IN THE LID OF THE BOX. COLOR OR PAINT THE INSIDE
OF THE BOX BLACK. AT THIS POINT, YOU SHOULD BE ABLE TO LOOK INTO
THE BOX AND BE CONVINCED THAT IT 1S LIGHT=TIGHT, IN THE MIODLE OF
THE FLOOR OF THE BOX PUT YOUR WATCH DIAL. THiIS WILL CONTAIN RADIUM
MIXED WITH SOME PHOSPHORESCENT ZINC SULFIDE SO THAT EACH TIME A RAY
LEAVES THE RADIUM AND STRIKES THE ZINC SULFIDE, IT WILL FLASH. By
RAISING OR LOWERING THE BOX LID WITH THE LENS, YOU SHOULD BE ABLE
TO FOCUS ON THE WATCH DIAL AND SEE THESE FLASHES, BE SURE TO ALLCW
A FEW MINUTES FOR YOUR EYES TO BECOME ACCUSTOMED TO THE DARK BEFORE
YOU MAKE YOUR OBSERVATIONS,

IF YOU CANNOT FIND THE ABOVE EQUIPMENT, PLACE THE WATCH DIAL
UNDER A MICROSCOPE, OR A MAGNIFYING GLASS, IN A COMPLETEZLY DARK
ROOM, YOU SHOULD BE ABLE TO SEE THE SMALL FLASHES.

WHAT KINDS OF PARTICLES ARE BEING EMITTED?

B, SET UP A DEMONSTRATION BY PLACING SEVERAL MOUSETRAPS IN A WASTE=
BASKET AND DROPPING SOME OBJECT IN THAT WILL TRIP ONE OF THEM,
1. DO ALL THE TRAPS SPRING?
2. WHAT MIGHT THIS FACT SHOW ABOUT THE TOTAL REACTIVITY OF
OF A CHAIN REACTION?

C. DO THE FOLLOWING EXPERIMENT AS !LLUSTRATED, CUT THE HEADS OFF
WOODEN KITCHEN MATCHES AND LINE THEM UP IN A UETAL PAN. INSERT
A LONG MATCH AS SHOWN IN THE DIAGRAM TO ACT AS A "CONTROL ROD."

WHICH OF THE ABOVE TWO DEMONSTRATIONS OF THE REACTION IS THE
BETTER ANALOGY OF THE ACTUAL REACTION?
EXPLAIN YOUR ANSWER.

D. DESCRIBE ANOTHER SETUP TO DEMONSTRATE THE PRINCIPLE OF A CHAIN
REACTION,
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ORGANIC CHEMISTRY
Lever: HieH ScHooL

ACTIVITY: PREPARATION OF NYLON 610

UsiNg A coTToN SWwAB (OR YOUR LITTLE FINGER) COAT THE INNER
SURFACE OF A 15 MM x 60 MM viaL (A LITMUS PAPER VIAL WILL DO NICELY)
WITH A THIN LAYER OF SILICONE 01L(COATING THE INNER SURFACE OF THE
SAMPLE VIAL PREVENTS NYLON FROM STICKING TO THE GLASS WALL AND INSURES
A CONTINUOUS THREAD.,) FILL THE VIAL ALMOST TO THE HALF MARK WITH A
5 % SOLUTION OF SEBACUYL CHLORIDE IN CARBON TETRACHLORIDE. HOLD THE
VIAL IN AN INCLINED POSITION AND VERY SLOWLY ADD ONTO THE CARBON
TETRACHLORIDE LAYER AN EQUIVALENT VOLUME OF A 5% AQUEOUS SOLUTION OF
HEXAMETHYLENEDIAMINE, A REACTION PRODUCT WILL ‘FORM IMMEDIATELY AT
THE INTERFACE OF THE TWO IMMISCIBLE LAYERS., CLAMP THE VIAL TO A
RING STAND. REACH THROUGH THE UPPER LAYER WITH A HOOK MADE FROM A
6-1NCH LENGTH OF COPPER WIRE AND DRAW UP THE NYLON WHICH HAS FORMED
(see DIAGRAM). THIS WiLL EXPOSE FRESH REACTANTS FROM BOTH LAYERS
TO PRODUCE ADDITIONAL POLYMER. SLOWLY AND STEADILY CONTINUE TO
REMOVE A NEW MATERIAL AS ONE CONTINUOUS THREAD. THE THREAD MAY BE
WOUND ONTO A PIECE OF CARDBOARD AS IT 1S FORMED OR IT MAY BE LED
INTO A 600~ML BEAKER FILLED WITH WATER. WHEN THE REACTANTS HAVE
BEEN REDUCED TO ABOUT HALF OF THEIR INITIAL VOLUMES, STOPPER THE VIAL
AND SHAKE VIGOROUSLY TO THOROUGHLY MIX THE REMAINDER OF THE TWO
LAYERS. TRANSFER THE RESULTING WHITE OPAQUE MASS TO A BEAKER AND
WASH ONCE WITH 95% ALCOHOL AND ONCE WITH WATER. SQUEEZE THE LUMP
OF MATERIAL AS DRY AS POSSIBLE BETWEEN PAPER TOWELS AND EXAMINE -iT,
DOES IT HAVE AND TENSILE STRENGTH IN THIS FORM? TRANSFER THE DRIED
NYLON MATTING TO A SMALL TEST TUBE AND TRY TO MELT IT OVER A LOW
FLAME. DOES IT MELT EASILY? [F YOU SUCCEED IN MELTING IT, TRY
DRAWING FROM THE MELT A THIN FIBER WITH THE WIRE USED IN THE FIRST
PART OF THE EXPERIMENT., iF YOU ARE SUCCESSFUL IN DRAWING A FIBER
FROM THE MOLTEN MATERIAL, COMPARE | TS STRENGTH WITH THAT OF THE
THREAD PRODUCED FROM THE TWO LAYERS., ATTACH A SHORT LENGTH OF YOUR
"ROPE" TO YOUR REPORT FORM.

ReMoviNg THE NYLON THREAD FROM THE INTERFACE OF TWO IMMISCIBLE LAYERS.

NYLON
'l AQUEOUS SOLUTION OF
6-10 A AMETHYLENEDIAMINE
CARBON TETRACHLORIDE SOLUTION
OCF{— OF SEBACOYL CHLORIDE
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ORGANIC CHEMISTRY
LeveL: HigH ScHootL

ACTIVITY: SynTHES1ZING A DYE

ProBLEM: i

OF THE MANY THOUSANDS OF COMPOUNDS NOW PRODUCED THROUGH ORGANIC
CHEMISTRY, THE SYNTHETIC DYES ARE PERHAPS THE MOST WIDELY USED,
PERKIN BEGAN THE SCIENCE OF DYE PRODUCTION WHEN HE ACCIDENTALLY'
PRODUCED MAUVE (LILAC COLORED) FROM ANILINE IN 1856. From THis
TIME ON INTENSIVE EFFORTS HAVE BEEN MADE TO PRODUCE NEWER AND
BETTER DYES, WITH OBVIOUS AND ASTONISHING SUCCESS.

CRUDE MATERIALS FROM COAL TAR ARE THE USUAL STARTING POINTS N
DYE SYNTHESISe BENZENE (CEHE), NapnTHALENE (Ci0HB), AnD PHENOL
(CgH50H) ARE TYPICAL OF SUCH SUBSTANCES. [T IS FROM THESE SUB=
STANCES THAT THE ALL~IMPORTANT INTERMEDIATES, LIKE ANILINE, ARE
PRODUCED. THE INTERMEDIATES ARE THEN TREATED CHEMSCALLY IN A °
VARIETY OF WAYS TO PRODUCE THE DYES.

THIS EXPERIMENT IS THE SYNTHESIS OF ANILINE FROM BENZENE, AND THE
PREPARATION OF THREE IMPORTANT ANILINE DYES, MAUVE, ROSANILINE, AND
ANILINE YELLOW.

MATERIALS ®

ERLENMEYER FLASKS, Two, 250 ML - BEAKERSyHOO ML, 25 ML, 150 ML
TeEsT TUBES, WATCH GLASS

FUnNEL FILTER PAPER

THERMOMETER, 0°=110°C MeD I CINE DROPPER

BALANCE RING STAND

Ring WIRE GAUZE, ASBESTOS CENTER
BURNER GRADUATED CYLINDER, 25 ML
CoNC. SULFURIC ACID Conc, NITRIC ACID

Conc, HYDROCHLORIC ACID BLeEACH!Ng powDER, CACL(CLO)
Mercury (11) cHLORIDE SopiuM NITRITE

SODIUM ACETATE SoDIUM BISULFITE

TIN FOIL Benzene

ETHYL ALCOHOL ANILINE

PROCEDURE ¢

ANILINE, THiIS INTERMEDIATE 1S PREPARED 8Y CONVERTING BENZENE
TO NITROBENZENE, AND THEN BY REDUCING NITROBENZENE WITH NASCENT
HYDROGEN. Mix 6 ML OF CONG. HpSOL wiTh 6 ML OF conc, HNO3 (CAUTION).
AFTER THIS SOLUTION 1S COOL, ADD IT IN SMALL PORTIONS TO & ML OF
BENZENE IN A FLASKe SHAKE AFTER EACH ADDITION. NoOW, WARM THE Mixe
TURE GENTLY FOR A FEW MINUTES. THE ALMOND=LIKE ODOR IS N!TROBENZENE
(CAUTION: THE VAPORS ARE TOXIC).

POUR THIS MIXTURE INTO 20 ML OF WATER IN A SMALL BEAKER, AND
NOTE THE SEPARATE YELLOW, OILY LAYER OF NITROBENZENE., TRANSFER
THIS LIQUID TO A TEST TUBE WITH A MEDICINE DROPPER., ADD A SMALL
PIECE OF TIN AND 10 ML OF conCc, HCL. HYDROGEN IS LIBERATED WHICH
REDUCES THE NITROBENZENE TO ANILINE, A DARK BROWN CoMPOUND. IF THE
REACTION 1S SLOW, WARM GENTLY OR ADD MORE TIN AND ACIO,
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MAUVE., ANILINE MAY BE OXIDIZED READILY TO MAUVE, A BEAUTIFUL
PURPLE DYE. DISSOLVE ABOUT ONE HALF TEASPOONFUL OF BLEACHING POWDER
(THE ox1D1ZING AGENT) tN 100 ML OF WATER, AND ADD A DROP OF ANILINE,
FILTER THE RESULT AND EXAMINE USING STRONG LIGHT. TRY PRODUCING
DIFFERENT DILUTIONS. RESULT? ADD SOME SODIUM BISULFITE SOLTUION
TO A SMALL AMOUNT OF THE DYE SOLUTION, RESULT? WHY DOES THIS HAPPEN?

RosANILINE. THIS COMPOUND {S THE COLOR BASE OF THE RED DYE,
FUCHSIN, FAMILIAR TO STUDENTS OF BACTERIOLOGY, [T wiLL BE PREPARLD
8Y OXIDIZING ANILINE WiTH MERCURY (!l) cHLORIDE. To A FEW DROPS OF
ANILINE IN A DRY TEST TUBE ADD A SMALL AMOUNT OF MERCURY (!!) CHLORIDE,
AND WARM GENTLY FOR A FEW MINUTES. NOw, DISSOLVE THE PRODUCT IN
ALCOHOL IN A SMALL BEAKER AND ADD A FEW DROPS OF HCL. NOTE THE COLOR.

ANILINE YELLOW. TO MAKE THIS DYE WE MUST SYNTHES!ZE TWO COM=-
POUNDS, ANILINE HYDROCHLORIDE AND DIAZOAMINOBENZENE, AND THEN COMBINE
THEM TO FORM THE DYE, AMINOAZOBENZENE HYDROCHLORIDE. FOR SUCCESS,
EACH STEP MUST BE CARRIED OUT CAREFULLY.

ANILINE HYDROCHLORIDE?: Mix 10 ML OF ANILINE WITH 10 ML OF WATER
IN A BEAKER, AND ADD 20 ML OF cOoNC. HCL wiITH STIRRING. HEAT TO
THE POINT OF BOILING, THEN ALLOW TO CoOL, FILTER THE CRYSTALS FORMED
WHEN THE SOLUTION cooLS. FINALLY, DRY THE CRYSTALS ON A STEAM BATH,
WHEN DRY, COVER AND SAVE THESE CRYSTALS.

DiazOAMINOBENZENE: Dissove 5 ML oF conc. HCL 1N 100 ML oF
WATER, ADD 4 ML OF ANILINE AND STIR IN A FLASK UNTIL DISSOLVED.
MAINTAIN TEMPERATURE AT 25~300C wHILE ADDING 2 GM OF NANOZ 1IN
SMALL PORTIONS, SHAKE BETWEEN ADDITIONS, LET STAND FOR FIVE MINUTES,
THEN ADD A SOLUTION OF 5 eM PER 20 ML OF WATER of NAC2H302 (soo.
ACETATE). AFTER FIFTEEN MINUTES FILTER THE DARK YELLOW PRECIPITATE
AND WASH WITH COLD WATER., DRY OVER A STEAM BATH UNTIL NEARLY DRY,
THEN USE A WARM PLACE TO AIR DRY THE ProoucT. ({CAUTION:! THIS COM
POUND EXPLODES AT 150°C.) DO NOT STORE THIS PRODUCT.

AMINOAZOBENZENE HYDROCHLORIDE: MIX ONE GRAM OF DRY ANILINE
HYDROCHLORIDE WITH TWO GRAMS OF DRY DiAZOAMINOBENZENE AND DISSOLVE
IN ABOUT 5 ML OF ANILINE IN A TEST TUBE. HEAT FOR A HALF HOUR AT
309C AND THEN FOR ANOTHER HALF HOUR AT 450C. STIR FREQUENTLY DURING
HEATING, AND DO NOT OVERHEAT! NOW ADD A SOLUTION OF 6 ML OF CONC,
HCL PER 20 ML OF WATER WHILE STIRRING, AND COOL, FILTER AND WASH
THE PRECIPITATE wiTH DILUTE HCL, [T IS ANILINE YELLOW. TRY DYEING
A PIECE OF WOOL BY DIPPING IN A HOT, SLIGHTLY ACID SOLUTION OF
ANILINE YELLOW,

Discussion:
1. STUDY THE CHEMISTRY OF THE ABOVE REACTIONS, AND WRITE OUT
EQUATIONS FOR THE CHANGES OBSERVED.

2. OTHER DYES EASILY PREPARED ARE METHYL VIOLET, PHENOLPHTHALEIN,
MALACHITE GREEN, AND FLUORESCEIN. TRY THESE TO EXTEND YOUR
KNOWLEDGE,

37”5TUDY MORDANT DYEING AND TRY SOME EXPERIMENTS TO SHOW THE
PROCESS,
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ORGANIC CHEMISTRY
LeveL: HteH SCHooL

ACTIVITY: Fats anp OiLs; SoaPs AND DETERGENTS

THE FATS AND 0ILS OF ANIMAL AND VEGETABLE ORIGIN ARE GLYCERIDES OR
LONG=CHAIN FATTY ACID ESTERS OF THE TRIHYDRIC ALCOHOL GLYCEROL,

HOCH2CH(OH ) CHoOH, .
CHp0-COR
CH=0-COR?
. CH,0-COR"

A GENERAL FORMULA FOR A FAT OR OIL

THE HYDROCARBON SEGMENTS INDICATED BY R, R', AND R" IN THE
FORMULA ABOVE GENERALLY ARE DIFFERENT. THEY MAY VARY NOT ONLY IN
LENGTH BUT ALSO IN DEGREE OF UNSATURATION. |F THE FATTY ACID COM=-
PONENTS OF A GLYCERIDE ARE LONG=CHAIN (C72=C18) AND SATURATED, THE
ESTER IS A SOLID OR A SEMISOLID AT ROOM TEMPERATURE AND IS CLASSI=
FIED AS A FAT. |F THE LONG=CHAIN ACID RESIDUES ARE UNSATURATED
(1.€., CONTAIN ONE OR MORE DOUBLE BONDS), THE GLYCERIDE IS A LIQUID
AT ROOM TEMPERATURE AND IS CLASSIFIED AS AN OlL. UNSATURATION IN
THE ACID COMPONENTS OF A FAT LOWERS ITS MELTING POINT., CONVERGELY,
SATURATING THE DOUBLE BONDS WITH HYDROGEN RAISES ITS MELTING POINT,
THE LATTER PROCESS, WHEN APPLIED TO OILS, IS KNOWN AS HARDENING OR
HYDROGENATION AND IS CARRIED OUT AS AN INDUSTRIAL PROCESS FOR THE
MANUFACTURE OF MARGARINES AND COOKING FATS FROM VEGETABLE OILS,

A FAT OR AN OIL, WHEN SAPONIFIED (I.E., HYDROLYZED WITH ALKALI),
PRODUCES GLYCEROL AND THE SODIUM OR POTASSIUM SALTS OF A MIXTURE
OF FATTY ACIDS, THE LATTER ARE CALLED SOAPS,

CH20-~COR CHpOH RCOO=Na*
CH=0-COR* + 3 NaOH CHOH + R'COO Na*(soars)
CH0-COR" CHpOH R"COO Na*

A FAT OR OIL GLYCEROL

THE SODIUM AND POTASSIUM SOAPS ARE SOLUBLE IN WATER AND ARE USED
AS CLEANSING AGENTS. THE CALCIUM, MAGNESIUM AND FERRIC SALTS OF
THE SAME FATTY ACIDS ARE INSOLUBLE IN WATER AND ARE NOT USEFUL AS
SOAPS. ThESE INSOLUBLE METAL SALTS PRECIPITATE AS A SCUM WHEN ORDi=
NARY SOAP 1S USED IN HARD WATER. SYNDETS (SYNTHETIC DETERGENTS) DO
NOT FORM INSOLUBLE SALTS WITH THE METALLIC [ONS NORMALLY PRESENT IN
WATER.

ACIDIFICATION OF A SOLUTION OF SOAP WILL CAUSE THE FATTY ACID
TO PRECIPITATE. . .

RCOO"NA~ + HCL-=-RCOOH + Na"CL™

PROCEDURE :
A. SoLuBiLITY
NOTE THE ODOR AND APPEARANCE OF COTTONSE™D OiL. TRY DISSOLVING
A LITTLE IN WATER; IN ALCOHOL; IN CARBON TETRACHLORFDE. REPEAT
THE TEST USING SAMPLES OF MARGARINE,

FRIC 154

Aruitoxt provided by Eic:




ERIC

Aruitoxt provided by Eic:

Be UNSATURATION TESTS

DissoLVE 0.5 ML OF COTTONSEED O1L IN 5 ML OF CARBON TETRACHLORIDE
IN A TEST TUBE. ADD A SOLUTION OF 5% BROMINE IN CARBON TETRACHLORIDE
DROPWISE, COUNTING THE NUMBER OF DROPS REQUIRED UNTIL THE BROMINE
COLOR NO LONGER IS DISCHARGED INSTANTLY. REPEAT THE TEST USING 0.5
G OF CRISCO OR SOME OTHER HYDROGENATED SHORTENING,

€. Drying olILS

ON DIFFERENT PARTS OF A GLASS COVER PLATE PLACE ONE DROP OF
EACH Or THE FOLLOWING 01LS: (A) BOILED LINSEED olL, (B) COTTONSEED
oiL, (c) MaZoLA OR SOME OTHER CORN OiL. PUT AN IDENTIFYING MARK BY
EACH AND LET THEM STAND IN YOUR LOCKER UNTIL THE NEXT LABDRATORY
PERIOD. OBSERVE AND REPORT THE CONDITION OF EACH OIL AT THAT TIME.

D. THe PREPARATION OF SOAP

SUPPORT ON AN IRON RING OR ON A TRIPOD A WATER BATH FILLED ABOUT
TWO=THIRDS WITH WATER, AND HEAT THE WATER TO BDILING. DiSSOLVE 2.5
G OF SODIUM HYDROXIDE IN 5 ML OF DISTILLED WATER AND 10 ML OF ORDINARY
ALconoL (95%). ADD THE ALKALINE SoLuTion To 5 G ofF CRisco IN A 150-
ML BEAKER, COVER THE BEAKER WITH A WATCH GLASS AND HEAT THE MIX~
TURE ON THE WATER BATH, STIR FREQUENTLY TO PREVENT SPATTERING AND
KESP THE VOLUME OF THE SOLUTION FAIRLY CONSTANT B8Y ADDING SMALL AMOUNTS
oF 50% ALcoHoL, IF THE MIXTURE FOAMS TOO MUCH ADD A SMALL AMOUNT
OF UNDILUTED ALCOHOL. CAUTIONS KEEP THE ALCOHOL AWAY FROM YOUR
BURNER, THE REACTION 1S COMPLETE WHEN THE OlL OR MELTED FAT HAS
DISSOLVED AND GIVES A CLEAR HOMOGENEOUS SOLUTION (ABOUT ONE=HALF
HOUR)., DILUTE YOUR SOAP SOLUTION BY ADDING 15 ML OF WATER THEN
POUR IT INTO A BRINE MADE BY DISSOLVING . 30 G OF SODIUM CHLORIDE
IN 100 ML OF DISTILLED WATER. STIR THE MIXTURE THOROUGHLY AND
COLLECT THE PRECIPITATED SOAP ON THE BUCHNER FUNNEL. WASH THE SOAP
TWICE WITH 10=ML PORT!IONS OF COLD DISTILLED WATER.

DiSSOLVE 2 G OF THE CRUDE SOAP IN 100 ML OF DISTLLLED WATER AND
SET THE MIXTURE ASIDE AS YOUR TEST SOLUTION. PLACE THE REMAINDER
OF THE SOAP IN AN EVAPORATING DISH, HEAT (T ON THE WATER BATH, AND
STIR INTO THE SOAP JUST ENOUGH WATER TO FORM A THICK SOLUTION,
ALLOW THE SOAP SOLUTIOMN TO CooL. UNLESS THE AMOUNT OF WATER ADDED
WAS EXCESSIVE, THE SOAP WiILL SOLIDIFY INTO A CAKE SOMEWHAT RESEMBLING
COMMERCIAL SOAP, ’

PERFORM THE FOLLOWING EXPERIMENTS ON SAMPLES OF YOUR TEST SOLU-
TION AND RECORO YOUR RESULTS ON THE REPORT FORM.

(a) ALkaLINITY

TEST THE ALKALINITY OF YOUR DILUTE SOAP SOLUTION WITH PINK LITMUS
PAPER AND COMPARE THE RESULT WITH THOSE OF SIMILAR TESTS MADE ON
SOLUTIONS PREPARED FROM 0.5 G~SAMPLES OF IvorY FLAKES AND DREFT,
EACH DISSOLVED IN 50 ML OF DISTILLED WATER. RECORD YOUR RESULTS.

(8) MeTALLIC SALTS OF FATTY ACIDS

To A 10=ML PORTION OF YOUR SDAP SOLUTION ADD 1 ML OF A DILUTE
(0.1%) CALCIUM CHLORIDE SOLUTION, SHAKE VIGOROUSLY AND OBSERVE.
REPEAT THE TEST WITH DILUTE MAGNESIUM CHLORIDE AND FERRIC CHLORIDE
SOLUTIONS, PERFORM THE SAME TESTS ON THE SAMPLES OF [VORY AND
DREFT SOLUTIONS PREPARED IN (A). RECORD YOUR RESULTS.
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(c) PRECIPITATION OF SOAP

To 50 ML OF YOUR SOAP SOLUTION ADD DILUTE HYDROCHLORIC ACID
DROPWISE UNTIL THE SOLUTION 1S ACID To ConGo RED PAPER., COOL THE
MIXTURE IN ICE, COLLECT THE PRECIPITATED ACID ON YOUR SUCTION FUNNEL,
AND WASH IT WITH 20 ML OF COLD WATER, ON YOUR REPORT FORM WRITE AN
EQUATION TO SHOW THE REACTION WHICH TOOK PLACE. ASSIGN A NAME TO
YOUR PRODUCT AND SHOW IT TO YOUR LABORATORY INSTRUCTOR WHEN HANDING
IN YOUR WRITTEN REPORT,

TEST THE SOLUBILITY OF A SMALL SAMPLE (0.25G) OF YOUR PRODUCT
IN 2 ML OF CARBON TETRACHLORIDE, ALSO TEST THE SOLUBILITY OF A * °
SMALL SAMPLE OF STEARIC ACID IN THE SAME SOLVENT,

(o) EMuLSIFYING ACTION OF SOAP

SHAKE Y OROPS OF MINERAL OIL WITH 10 ML. OF SOAP SOLUTION.
REPEAT THE EXPERIMENT USING 10 ML OF WATER, REEXAMINE BOTH MIXTURES
AFTER STANDING FOR 5 MINUTES, RECORD YOUR RESULTS,

DRYING OILS

DESCRIBE THE APPEARANCE OF YOUR OIL SAMPLES AFTER STANDING ONE WEEK,
BOILED LINSEED OiL,

COTTONSEED OfL,

MAZOLA OR OTHER CORN OlL.

SOAPS AND DETERGENTS

YourR Soap DETERGENTS
TESTS PERFORMED (BranD X) TvorY DREFT
{A) ALKALINITY (LITMUS)

(8) CaCLz soLution

MeCL2 soLuTioN
FECL2 soLuTION

(c) EquaTion FOR REACTION wiThH HCL

SorLustLiTY oF PRooucT CCLY.
SOLUBILITY OF STEARIC ACID IN CCLM.
(p) EMULSIFYING ACTION OF SOAP ON OlL,

OiL AND SOAP MIXTURE. (REsuLT)

OiL AND wATER. (ReEsuLT)

Q
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QUESTEIONS AND EXERCISES

1.

DRAW FORMULAS AND GIVE NAMES FOR GLYCERIDES WHICH PROBABLY ARE
PRESENT IN LARD; IN MAazoLA olL,

COULD COTTONSEED OIL BE USED IN PAINTS AS A DRYING otL? EXPLAIN

ASSUME THE AVERAGE MOLECULAR WEIGHT OF A FAT is 890, WHAT FATTY
ACID COMPONENTS PROBABLY PREDOMINATE?

WHY WAS THE DILUTE SOAP SOLUTION POURED IN A SOLUTION OF SODIUM
CHLORIDE IN WATER.,

How DOES SOAP FUNCT?ON AS AN EMULSIFYING AGENT FOR OIL IN WATER?
DRAW A PICTURE OF AN OIL DROPLET AND SEVERAL SOAP MOLECULES TO
JLLUSTRATE YOUR ANSWERe

SUPPOSE THAT YOU WANTED TO EMULSIFY A WATER=INSOLUBLE COMPOUND
IN WATER. WOULD SOAP BE A REASONABLE CHOICE FOR THE EMULSIFY=-
ING AGENT IF THE WATER WERE SLIGHTLY AcliDic? WHY? IF IT
WOULD NOT BE A GOOD CHOICE, CAN YOU DRAW THE STRUCTURE OF AN
ORGANIC MOLECULE THAT MIGHT BE MORE SUITABLE?
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MEASUREMENT

AtR TRAFFIC CONTROLLER
ARCHITECTS

ASTRONAUTS

ASTRONOMER

BioLoGisT

BuYERS (MERCHANDISE)
CHeMISTS

RAt1LROAD CONDUCTOR

DENTIST

DIETITIAN

DRAFTSMAN

EconoMIsT

EpiTors

ENGINEERING TECHNICIANS
ENGINEER

FasHion DEsSIGNER
GEOGRAPHER

MAP MAKER (CARTOGRAPHER)
GEOPHYSICS

GROUND RAD10 OPERATOR
GuipANCE COUNSELOR
HisToRIAN

HosPITAL ADMISTRATION
HoTeL & MoTeL MANAGERS
InousTRIAL DESIGNER
InousTRIAL TRAFFIC MANAGER
INTERIOR DESiGN & DECORATOR
LANDSCAPE ARCHITECT
MARKETING & RESEARCH PERSONNEL
MATHEMATICIANS

SIGNAL MAINTAINER
STRUCTURAL STEEL WORKER
LITHOGRAPHIC OCCUPATION
METER MAN=WOMAN

Power PLANT OPERATOR

BojLER FIREMAN

LoNG SHOREMAN

Power DISPATCHER

CoMPUTER OPERATORS

LiFe INSURANCE SALESMEN
ReAL ESTATE AGENT

SALES CLERKS

F IREMAN

PrACTICAL NURSE
AGRIBUSINESS TECHNICIAN
DAIRY PropUCTION TECHNICIAN
FARMING

FisH CULTURE TECHNICIAN
ForReESTERY PRODUCT TECHNICIAN
LivEsTock PRODUCTION TECHNICIAN

AIRCRAFT MECHANICS
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MeptcaL LAB ASSISTANT

MeptcAL Record LIBRARIAN

MepicAL TecHNoLOGY

MeRCHANT MARINE OCCUPATIONS

MusiCiAN

OCCUPAT 1ONAL THERAPIST

OCEANOGRAPHER

OPTOMETRIST

OccuPaT 10N COUNSELOR

PHOTOGRAPHER

PHYs1CAL THERAPIST

PHYSICIAN

PHYSICIST

PiLoTs

PsYCHOLOGIST

PusLic RELATIONS

RESTAURANT MANAGER

SociAl WORKER

SPeecH PATHOLOGIST

AuD3OLOGIST

SyPerR MARKET MANAGER

SURVEYOR

SYSTEMS ANALYST

ELEMENTARY TEACHER

SECONDARY TEACHER

UrBAN PLANNER

VETERINARIAN

VocATioNAL COUNSELOR

X=RAY TECHNICIAN

RAD§OLOGIST

STONE MASON

Bus DRIVER

LocoMOTIVE ENGINEER

PHOTO ENGRAVER

STAT ICNARY ENGINEER

STEVEDORE

Taxt DRIVER

Truck DRIVER

Auto PARTS MaN

MANUFACTUR ING REPRESENTATIVE

DeLivery MAN

FBI AGENT

PoL1ceEMEN & WOMEN

SHOE REPAIR

AGRICULTURE EXTENSION WORKER

FArRM Crop PRODUCTION TECHNICIAN

FisH & WILDLIFE TECHNICIAN

FORESTER

Lag ANIMAL CARE TECHNICIAN

AtrR CONDITIONING AND REFR1GER=
ATION MECHANICS

AuToMoBILE MECHANICS




CoMpOosING RooM OCCUPATIONS
Farm EQUIPMENT MECHANIC

/4/

MEASUREMENT

INDUSTRIAL MAINTENANCE MECHANIC

WELDER

AIRPLANE DISPATCHER
PLUMBER~PIPE FITTER
PAPeErR HANGER & PAINTER
L INEMAN

INSTRUMENT MAKER
MILLRIGHT

BusINESS MACHINE REPAIRMAN

Ser Up MAN

APPLIANCE SERV[CEMAN
FURNITURE UPHOLSTERER
JEWELERS

OpTICIAN

TV & Raot1o TecHNICIAN
BoILER MAKER
CARPENTER

TELEPHONE INSTALLER
ELECTRICAL REPAIRMAN
FLoOR COVER INSTALLER
INSULAT1ON WORKER
STATISTICIAN

1690

Diesel MeCHANIC
FLIGHT ENGINEER
RooFcR

SHEET METAL WORKER
BookB INDER

PLASTERER

OPERATING ENGINEER (CONSTRUCTION)
LAy Out Man

MacHINE Tool OPERATORS
PATTERN MAKER
PRINTING PRESSMAN
Toot & Dye MAKeRs
DenTAL LAB TECHNICIAN
INSTRUMENT REPA IRER
JEWELER REPAIR
OpTicaL MecHANIC
WATCH REPAIRMAN

Brick LAYER

CeMENT MAson
ConsTRUCTION LABORER
ELEVATOR REPAIRMAN
GLAZIER

LATHER




MEASUREMENT
LEVEL: JuNlor HigH

ACTIVITY: WHo AM 1?2 AcTIVITIES IN MEASURING ME,

MATERIALS: METERSTICK SCALE
T“APE MEASURE CALENDAR
TIME PIlECE

PROCEDURE :

THIS ACTIVITY FOR JUNIOR HIGH STUDENTS 1S TO MAKE THEM AWARE
OF THEIR OWN GROWTH AND AT THE SAME TIME WORK WITH MEASUREMENT.
To DO THESE ACTIVITIES THE STUDENT WilLlL OBSERVE, MEASURE, AND
RECORD DATA ABOUT THEMSELVES.

A, MEASURE HOW TALL YOU ARE EACH MONTH OF THE YEAR AND RECORD
ON A GRAPH, How MANY CENTIMETERS TALL ARE YOU? v
How MANY METERS WOULD THIS BE?

B. How WICE ARE You? RECORD AT FIRST AND LAST OF YEAR:?

Brow WAIST

EAR TO EAR THIGH TO THIGH
NEeck KNEE TO KNEE
SHOULDER TO SHOULDER . ANKLE TO ANKLE
CHEsT FooT TO FoOT

C. WHAT IS YOUR CIRCUMFERENCE?

Brow THiGH
NECK KNEE
SHOULDER CALF
CHEST ANKLE
WalsT Foor

RECORD YOUR DATA TWICE A YEARe (CAN BE DONE BOTH METRIC & ENGLISH)

D. WHAT IS YOUR PULSE RATE? COUNT THE PULSES OR BEATS FOR ONE
MINUTE. DO THIS SEVERAL TIMES DURING THE YEAR AND RECORD.
AFTER BREAKFAST AFTER EXERCISING
WHILE RESTING WHILE STANDING
ON AWAKENING

E. CAN You IDENTIFY 10 DIFFERENCES AND TEN SI{MILARITIES IN THE
TWO SIDES OF YOUR BODY. RECORD:

F. USING YOUR HEIGHT, WIDTH AND CIRCUMFERENCE AND DETERMINE
AN APPROXIMATE SURFACE AREA OF YOUR BODY.

G. How MUCH Do You WEIGH? CHECK AT LEAST TEN DIFFERENT TIMES
DURING THE YEAR AND SECORD, CAN YOU THINK OF A WAY TO COMBINE
HEIGHT, WEIGHT WIDTH OR CIRCUMFERENCE?
INTERPRETAT!ONS ¢
How FAST ARE YOU GROWING? ARE YOU ALIKE ON BOTH SIDES?
WHAT PART OF ME 1S GROWING MOST RAPIDLY?

S ———————
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MEASUREMENT
LEveL: JuNioir HiGgH

ACTIVITY: MeASUREMENT .OF TEMPERATURE -

MATERIALS: THERMOMETERS BEAKERS
ALCOHOL LAMPS OR HEAT SOURCE RING STANDS
SAMPLES (WITER AT DIFFERENT TEMPERATURE)

INTRODUCTION:

"THERMO" MEANS HEAT; "METER" MEANS TO MEASURE. THEREFORE, A
THERMOMETER IS AN INSTRUMENT USED TO MEASURE HEAT. THE DEGREE
OF HEAT AN OBJECT HAS AT A GIVEN TIME IS ITS TEMPERATURE.

PROCEDURE :
A, GETTING AQUAINTED
EXAMINE THE THERMOMETER AND ANSWER THESE QUESTIONS:
1o WHAT IS THE LOWEST TEMPERATURE YOU CAN READ?
2. WHAT IS THE HIGHEST TEMPERATURE YOU CAN READ?
THIS GIVES YOU THE RANGE OF YOUR THERMOMETER.
3. HOw MANY LINES ARE THERE BETWEEN 10° anD 2007
THIS MEANS THAT EACH MARK IS EQUAL TD HOW MANY DEGREES?
WHERE 1S THE LEVEL OF THE MATERIAL IN THE TUBE NoW?
THIS READING GIVES YOU ROOM TEMPERATURE OR IN SCIENCE TERMS,
AMBIENT TEMPERATURE., WHAT SCALE IS YOUR THERMDMETER?

Be. USING OUR INSTRUMENT

GIVEN 5 DIFFERENT SAMPLES OF LIQUIDS AT DIFFERENT TEMPERATURES,
MEASURE YOUR SAMPLES USING BOTH A CENTIGRADE THERMDMETER AND A
FAHRENHEIT TYPE.

SaMpE 1, oc oF 3, oc or s, oc OF

2. oc or 4, oC 3

C. How ARE CHANGES |N TEMPERATURE RECORDED

GIVEN A BEAKER WITH A CERTAIN AMOUNT OF. WATER, OBSERVE THE
VATER IN THE BEAKER AND RECORD ITS TEMPERATURE. HEAT THE
BEAKER FOR 5 MINUTES, RECORD THE TEMPERATURE AFTER HEATING.

INITIAL TEMP, CHANGE OF TEMP. IN 5 MIN.
FINAL TEMP, RATE OF INCREASE OF TEMP. =57M1N.

D. CONVERT TEMPERATURES FROM ONE SCALE TO THE OTHER
ON SOME GRAPH PAPER, CONSTRUCT DIAGRAMS OF THE CELSUS
(CENTIGRADE) AND FAHRENHEIT SCALES IN SUCH A WAY THAT THE BOILING
PDINT OF WATER |S ON THE SAME HOR!ZONTAL LINE ON EACH SCALES.
DO THE SAME WITH THE FREEZING POINT, DIVIDE EACH SCALE INTO THE
CORRECT NUMBER OF DEGREES BETWEEN THESE POINTS, LIMIT YOUR
GRAPH TO THE TEMPERATURES BETWEEN OCF AND THE BOILING POINT OF
WATER. YOU CAN NOW CONVERT A TEMPERATURE ON ONE SCALE TO THE
CORRESPONDING TEMPERATURE OF THE OTHER SCALE, TO CHECK YOUR
WORK USE THE FOLLOWING EQUATIONS:
°F = 9/5 O + 32 % =5/9 (°F - 32) CHanee: T3°C To OF
96°F To0 OC
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MEASUREMENT
Lever: Juntor HigH & ABOVE

ACTIVITY: How TO MEASURE A MOLECULE

MATERIALS:

CLEAN TRAY AT LEAST 16 INCHES WIDE DISTILLED WATER

RuUBBING Al.COHOL USED AUTOMOBILE CRANKCASE oOlL
Two MEDICINE DROPPERS 1 ounce oF U.S.P, OLEIC ACID
METRIC SCALE RULER FLAT BLACK PAINT

PROCEDURE ¢

FIRST CLEAN THE TRAY CAREFULLY AND PAINT [T WITH THE BLACK PAINT,
AFTER IT HAS DRIED, RINSE IT WiTH ALCOHOL,

Now MAKE A 1% SOLUTION OF OLEIC ACID IN ALCOHOL (using 99 DRoOPS
OF ALCOHOL TO 1 DROP OF OLEIC ACID) AND PUT IT ASIDE. WHEN THE TRAY
IS COMPLETELY DRY, HALF FILL IT WITH DISTILLED WATERe PLACE ONE
DROP OF OIL ON THE WATER AND A THIN OlL SLICK WILL FORMe As IT
SPREADS YOU wiLL FIRST SEE COLORS, THEN THE LAYER WILL APPEAR BLACKe

Now LAY THE METRIC RULER ACRCSS THE TRAY AND PLACE ONE DROP OF THE
1% OLEIC ACID SOLUTION ON THE CENTER OF THE OIL SLICKe SOME OF THE
ALCOHOL WILL EVAPORATE AND THE REST WILL MIX INTO THE WATER LEAVING
A CIRCLE OF OLEIC ACID ABOUT 20 CM ACROSS, WHICH WILL NOT SPREAD
ANY FURTHER. MEASURE THE DIAMETER OF THE CIRCLE AND COMPUTE THE
AREA. NOW RINSE THE TRAY WITH ALCOHOL AND TRY THE EXPERIMENT AGAIN,
using A 1/2% oLeic aclp soLuTion (1 DROP WiITH 199 DROPS OF ALCOHOL ).
MEASURE THE CIRCLE AND COMPUTE THE AREA. [T WILL BE HALF THE AREA
OF THE FIRST CIRCLE.

SINCE THE NUMBER OF MOLECULES IN THE 1/2% oLEIC ACID LAYER IS
HALF THAT IN THE 1% AND THE CIRCLE |S HALF THE AREA, YOU HAVE FOUND
A FUNDAMENTAL RELATIONSHIP. IN EACH CASE THE OLEIC ACID HAS SPREAD
TO THE LEAST POSSIBLE THICKNESS, THAT OF ONE MOLECULE. THE MOLECULES
ARE KNOWN TO BE STANDING ON END BECAUSE THEIR PARTICULAR STRUCTURE
AND COMPOSITION MAKE ONE END TURN DOWN TOWARD THE WATER.,

By SIMPLE ARITHMETIC YOU CAN MAKE A GOOD APPROXIMATION OF THE
THICKNESS OF THE LAYER, AND THEREFORE THE HEIGHT, OR GREATEST DIMENSION,
OF EACH MOLECULE,

SINCE THE CIRCULAR LAYER 1S ACTUALLY A SHALLOW CYLINDER, USE THE
FORMULA FOR THE VOLUME OF A CYLINDER.

v =.:R2H
SOLVING FOR HEIGHT:
H = VE .
IR

To GET THE VOLUME, TEST YOUR DROPPER TO SEE HOW MANY DROPS IN lccC,
IF You FIND THERE ARE 50, THEN THE VOLUME OF A DROP IS 1/50 cC, OR,
EXPRESSED AS A DECIMAL, .02 cCc, THE VOLUME OF OLEIC ACID IN A DROP
oF 1% SoLuTloN THEREFORE Is 1% oF .02, or .0002 cc. THIs CAN BE
WRITTEN 2 X 10°%, SUPPOSING 7OUR CIRCLE HAS A DIAMETER OF 20 CM,
AND THEREFORE A RADIUS OF 10 CM, BY SUBSTITUTING IN THE FORMULA
YOU WILL GET:
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,0002
3.1% x (10)C

SOLVE THIS AND YOU WILL FIND THE HEIGHT IN CENTIMETERS IS A NUMBER
PRECEDED BY SIX ZEROS TO THE RIGHT OF THE DECIMAL PO!NT. WHAT IS
[TS HEIGHT IN ANGSTROM UNITS?

or COURSE, DROPS ARE NOT A VERY ACCURATE MEASURE, BUT THIS
METHOD WILL RESULT [N A GOOD ESTIMATE,
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MEASUREMENT
Lever: Jr. HiGH OR HIGH ScCHooL

ACTIVITY: MEASUREMENT OF LENGTH AND AREA

THiS INVESTIGATION wILL GIVE YOU AN OPPORTUNITY TO EXPERIENCE

‘SOME OF THE DIFFICULTIES IN MEASURING THAT MIGHT HAVE CONFRONTED A

STUDENT LIVING DURING THE EIGHTEENTH CENTURYs [T WILL ALSO ALLOW
YOU TO USE SOME MODERN METHODS OF MEASUREMENT,

MATERIALS (PER TEAM):
YARDST { CK
METERSTICK

PROCEDURES:

MEASURE THE DESK OR TABLE IN INCHES, FEET, AND YARDS, USING
A YARDSTICK, USING A METERSTICK, REPEAT THE MEASUREMENTS IN
MILLIMETERS, CENTIMETERS, AND METERS.
INTERPRETATIONS ¢

1e WHICH SYSTEM OF UNITS DID YOU FIND MOST USEFUL? WHICH 1S
MOST ACCURATE?

2. WHAT 1S MEANT BY THE STATEMENT THAT "ALL MEASUREMEMNTS ARE
EST IMATES"?

165



O

ERIC

Aruitoxt provided by Eic:

MEASUREMENT
Lever: Jr. HigH or HigH ScHooL

ACTIVITY: Use oF BALANCE,

MATERIALS:
ONE STICK ABOUT TWO FEET LONG A STACK OF BOOKS SLIGHTLY HIGHER
BALANCE THAN THE PAN OF THE SCALE

REST ONE END OF THE STICK ON THE LEFT NAND BALANCE PAN AND THE
OTHER END ON STACK OF BOOKS. BE SURE THE BOOKS ARE HIGHER THAN THE
SCALE PAN, BE SURE THAT JUST THE TIP OF THE STICK IS RESTING ON
THE BALANCE PAN AND THAT THE STICK TOUCHES THE PAN AT ONLY ONE POINT.
WEIGH THAT END OF THE STICK CAREFULLY. WRITE DOWN THE WEIGHT VALUE.

Now REVERSE THE POSITION OF THE STICK SO THAT YOU WEIGH THE
OTHER END, WEIGH THIS END CAREFULLY AND WRITE DOWN THIS WEIGHT
VALUE.

ADD THE TWO WEIGHTS TOGETHER.
NEXT WEIGH THE WHOLE STICK, RECORD THE WEIGHT.

STATE POLICE OFFICERS SOMETIMES NEED TO WEIGH A WHOLE TRUCK
ON THE HIGHWAYs CAN THEY PUT A BALANCE UNDER ONE WHEEL AT A TIME,
ADD THESE WEIGHTS TOGETHER, AND SAY THAT IS THE WEIGHT OF THE WHOLE
TRUCK? YOUR WEIGHING OF THE STICK IN THIS EXPERIMENT SHOWED THAT
STATE POLICE OFFICERS CAN OBTAIN THE WEIGHT OF A TRUCK BY PLACING
A SCALE UNDER ONE WHEEL AT A TIME AND THEN ADDING THE WEIGHTS TOGETHER.

Q. Do THE WEIGHTS OF EACH END WHEN ADDED TOGETHER EQUAL THE WEIGHT
OF THE WHOLE STJCk? WHY?

A, YEs, THE SUM OF WEIGHTS OF EACH END IS THE WEIGHT OF THE WHOLE

sTitk. EACH TIME, THE BOOKS SUPPORTED HALF THE STICK, AND THE
BALANCE SUPPORTED HALF THE STICK.
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MEASUREMENT
LeveL: HieH ScHoot

ACTIVITY: DETERMINING THE VOLUME OF SoL1DS

THE SPACE THAN AN OBJECT OR A SUBSTANCE OCCUPIES IS CALLED ITS
VOLUME., |T 1S RELATIVELY EASY TO DETERMINE THE VOLUME OF Li1QUIDS
BY USING A GRADUATED CYLINDER, DETERMINING THE VOLUME OF A SOLID
REQUIRES DIFFERENT TECHNIQUES., TO DETERMINE THE VOLUME OF A REC=
TANGULAR OBJECT, YOU MUST MULTIPLY THE AREA OF THE OBJECT BY ITS
DEPTH., FOR PRACTICE, SUPPOSE YOU WISH TO FIND THE VOLUME OF A REC-
TANGULAR OBJECT. THE AREA OF ONE OF THE RECTANGULAR SIDES IN 4 INCHES
X 2 INCHES, OR 8 SQUARE INCHES, THE DEPTH IS 2 INCHES, THE VOLUME
is 8 SQUARE INCHES X 2 INCHES, OR 16 CUBIC INCHES, THUS THE DIMEN=
SIONS INVOLVEC ARE LENGTH, WIDTH, AREA, AND VOLUME, "Cusic" sHouLp
NOT BE A NEW TERM FOR YOU (SUGAR CUBES, ICE CUBES), CuBIC MEASURE=-
MENT 1S NECESSARY IN DETERMINING THE VOLUME OF SOLIDS.

MATERIALS (PER TEAM):
3 RECTANGULAR SOLIDS OF DIFFERENT SIZES  RULER CALIBRATED IN INCHES AND

50-= or 100=-ML GRADUATED CYLINDER CENT IMETERS

OVERFLOW CAN OR OLD TEA POT YARD OF THREAD

GRAPH PAPER NAILS, MARBLE, AND OTHER 0B=
STRAIGHT PIN OR FINE WIRE JECTS SMALL ENOUGH TO FIT
SMALL PIECES OF wWooD (IRREGULAR SHAPES) IN GRADUATED CYLINDER

SUGAR CUBES

PROCEDURES ¢

A. IN YOUR NOTEBOOK, COPY THE CHART,

B. NUMBER THE SoLIDS, USE YOUR RULER TO DETERMINE THE VOLUME
OF EACH SCLID IN CUBIC INCHES AND [N CUBIC CENTIMETERS.
RECORD THIS DATA ON YOUR CHARTe

C. PLACS THE GRADUATED CYLINDER UNDER THE SPOUT OF THE OVERFLOW
CAN, FILL THE CAN WITH TAP WATER UNTIL WATER BEGINS TO FLOW
FRCM THE SPOUT. WHEN THE FLOW HAS STOPPED, EMPTY THE GRAD=
UATED CYLINDER AND PLACE IT UNDER THE SPOUT AGAIN.

D. TiE A THREAD AROUNU SoLID i, AND LOWER IT CAREFULLY INTO
THE WATER. |F THE SGLID DOES NOT SINK, HOLC IT UNDER WATER
WITH A PIN OR OTHER SMALL PROBE.

E, KEEP THE SOLJD COMPLETELY SUBMERGED UNTIL THE WATER HAS
STOPPED FLCWING INTO THE CYLINDER, THEN CAREFULLY MEASURE
THE AMOUNT OF WATER IN THE CYLINDER.

WATER HAS A SLIGHTLY CONCAVE SURFACE WHEN CONFINED IN A NARROW
CYLINDER. THIS COULD CAUSE SOME ERROR IN DETERMINING VOLUME, THE
ACCEPTED SCIENTIFIC PRACTICE IS TO TAKE THE READING AT THE LOWEST
POINT OF THE CURVE. !7 IS ALSO IMPORTANT THAT THE CYLINDER BE ON
A LEVEL SURFACE, THE READING SHOULD BE TAKEN AT EYE LEVEL.

REPEAT PROCEDURES D THROUGH E TWO MORE TIMES, RECORD ON YOUR
CHART THE VOLUMES FOR EACH OF THE THREE TRIALS WITH Sorip 1., CaL-
CULATE THE AVERAGE VOLUME OBTAINED WITH EACH METHOD.
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G.

He

X-— - ————— ._..-.._r-...... Con o em—— P - :
i TrRIAL SoL 1Ds :
; NumBER i : O
i o1 2 3
. ! e B
. VOLUME IN cuBic !_____j__m s
i INCHES i : i
' i 2 ' |
: B e e 1
i i i
} ' .
! 1—-—-—-—-—3-”.. ; — : ..... T._ - {
i t ! .
%_ e P AVERAGE ' | -
1 } 3 : :
; 1 . { o
i VoLuME IN cuBiC ot | 5
| CENTIMETERS 2 ! j ] .
' : ! '
3 S S .
!
AVERAGE i
— ) ;
VoLUME oOF - ; -
DISPLACED WATER 2 ! '
IN MILLILITERS 7 e
1 3 E —_
i ; i ' i
: " AVERAGE !

RepeaT PROCEDURES B THRougH E For SoLip 2 AnD SoLio 3.
BE SURE TO RECORD THE DATA FOR EACH OF THE THREE TRIALS
WITH EACH SoLID.

ON GRAPH PAPER CONSTRUCT A GRAPH. USE THE VERTICAL AXIS OF
THE GRAPH FOR VOLUMES IN CUBiC INCHES AND THE HOR{ZONTAL
AXIS FOR THE NUMBER OF MILLILITERS OF WATER DISPLACED
(COLLECTED IN THE GRADUATED CYLINDER). PLOT THE AVERAGE

OF THE THREE TRIALS FOR EACH SOLID., BEGINNING AT ZERO,
DRAW A LINE CONNECTING THE THREE AVERAGE POINTS.

UsING ANOTHER PIECE OF GRAPH PAPER, REPEAT PROCEDURE G,

BUT PLOT THE VALUES FOR VOLUME IN cuBiC CENTIMETERS AGAINST
VOLUME OF DISPLACED WATER IN MILLILITERS.

INTERPRETATIONS $

1.

2.

NOTE THE RELATIONSHIP BETWEEN THE VOLUMES IN CUBIC INCHES,
CUBIC CENTIMETERS, AND MILLILITERSe WHICH SYSTEM==ENGLISH
OR METRIC==SEEMS TO BE THE EASIEST TO USE IN FINDING THE
VOLUME OF A SOLID?

CAREFULLY COMPARE THE TWO GRAPHS, AND DESCRIBE ANY DIFFER=
ENCES OR SIMILARITIES,

IN PROCEDURE G WERE YOU ABLE TO DRAW A STRAIGHT LINE FRoM
ZERO THROUGH THE THREE AVERAGE POINTS? |F NOT, HOW CAN
YOU EXPLAIN THE RESULTS?
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PROCEDURES (CONTINUED)

{. You MAY WISH TO DETERMINE THE VOLUMES OF OTHER OBJECTS.
THE OVERFLOW CAN IS NOT NEEDED FOR OBJECTS SMALL ENOUGH
70 BE PLACED DIRECTLY IN THE GRADUATED CYLINDER, PouUR
ENOUGH WATER INTO THE GRADUATED CYLINDER TO COMPLETELY
SUBMERGE THE OBJECT. (USUALLY THIS CAN BE DONE If THE
CYLINDER IS ABOUT HALF=FULLe) READ AND RECORD THE VOLUME
OF THE WATER, SUBMERGE THE OBJECT IN THE WATER, AND AGAIN
TAKE A READING FROM THE CYLINDER. [F THE OBJECT FLOATS,
HOLD IT UNDER THE WATER WITH A PIN OR FINE WIRE, WHAT IS
THE VOLUME OF THE OBJECT?

PROBLEMS ¢

1o Use A RULER (ENGLISH AND METRIC) AND THE WATER=DISPLACE=
MENT METHOD TO MEASURE THE VOLUME OF EACH OF THE FOLLOWING:
A. AN IRREGULAR SHAPED PIECE OF WOOD
Bs A CUBE OF SUGAR

2. WHICH METHOD OF MEASURING VOLUME DID YOU FIND MOST USEFUL
IN PROBLEM 1?7 WHICH SYSTEM=«=ENGLISH OR METRIC==DID YOU
FIND MOST CONVENIENT?
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MEASUREMENT
LeveL: HigH ScHooL

ACTIVITY: Mass AND VOLUME OF WATER

MATTER 1S DESCRIBED AS ANY SUBSTANCE THAT HAS MASS (wetenT)
AND OCCUPIES SPABE (VOLUME)., FOR NOW WE WILL USE THE WORDS MASS
AND WEIGHT AS IF THEY HAD THE SAME MEANING. LATER IN THE COURSE,
UNDERSTAND NG THE DIFFERENCE BETWEEN MASS AND WEIGHT WiLL BECOME
IMPORTANT, .

THE RELATIONSHIP BETWEEN MASS AND VOLUME wilLL BE EXAMINED IN
THIS INVESTIGATION, .

MATER!ALS (PER TEAM):
BALANCE SENSITIVE TO Cel GRAM 50~ or 100=-ML GRADUATED CYLINDER
SHEET OF ORDINARY GRAPH PAPER ReED PENCIL

A. CoPY THE CHART SHOWN,

PROCEDURE ¢ .
\
|
|
\
\

MAss oF : :
‘ MASS OF  GRADUATED Mass VoL UME
: . GRADUATED CYLINDER OF WATER ' OF WATER
: CYLINDER ° AND WATER IN : IN
TRIAL f IN GRAMS , IN GRAMS : GRAMS % MILLILITERS
¢ 1 i
2 : L
3 * 1
4 _ )
9 : :
AVERAGE '

Be WEIGH THE GRADUATED CYLINDER, AND RECORD ITS MASS ON THE
CHART .

C. POUR SOME WATER INTO THE CYLINDER, WEIGH THE CYLINDER WITH
THE WATER [ IT. RECORD THE COMBINED MASS ON THE CHART,

D, DETERMINE THE MASS OF THE WATER BY SUBSTRACTING THE MASS OF
THE CYLINDER FROM THE MASS OF THE WATER AND THE CYLINDER.

E. DETERMINE THE VOLUME OF WATER IN THE CYLINDER, REMEMBER
TO KEEP THE CYLINDER LEVEL AND TO TAKE READINGS AT THE LOW
POINT OF THE MENISCUS (THE CURVE OF THE WATER'S SURFACE ) .
RECORD ON THE CHART,

Fo ReEPEAT ProceDURES C, D, AND E FOUR MORE TIMES, USING A
DIFFERENT VOLUME OF WATER IN EACH TRIAL. RECORD THE DATA
ON THE CHART.
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Ge PLOT VALUES FOR THE MASS AND VOLUME OF WATER IN EACH TRIAL

ON ORDINARY GRAPH PAPER. USE THE VERTI{CAL AX!S FOR MASS AND

. THE HORIZONTAL AXIS FOR VOLUME, THIS WiLL GIVE YOU FIVE
POINTS ON THE GRAPH, BEGINNING AT ZERO, DRAW A LINE CONe
NECTING THESE POINTS, CALCULATE THE AVERAGE MASS AND THE
AVERAGE VOLUME OF WATER. USING A RED PENCIL, PLOT THIS
POINT ON THE GRAPH. DBEGINNING AT ZERO, DRAW A STRAIGHT RED
LINE THROUGH THE AVERAGE POINT; EXTEND THIS LINE AS FAR AS
JOSSIBLE BEYOND THE AVERAGE POINT, KEEP THE GRAPH IN YOUR
NOTEBOOK

INTERPRETATIONS :

1e DIVIDE THE AVERAGE MASS OF WATER OBTAINEC IN ALL TRIALS BY
. . . M

THE AVERAGE VOLUME FOR ALL TRIALS: V = ? CoMPARE THE
M
AVERAGE VALUE FOR V OBTAINED BY YOUR TEAM WITH THE AVERAGE

VALUES OBTAINED 8Y OTHER TEAMS.

2. WHAT RELATIONSHIP APPEARS TO EXIST BETWEEN THE MASS OF
WATER IN GRAMS AND ITS VOLUME IN MILLILITERS?
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ARCHITECTS
ASTRONOMER.

DENTIST

ENGINEER

MERCHANT MARINE
PiLot

TECHN! CAL WRITER
X=RAY TECHNICIAN
POL | CEMEN=WOMEN
FARMING

AtrR CRAFT MecHANIC
INSTRUMENT MAKER
JEWELER REPAIR

LAy Out MAN

LocoMoT ivE ENGINEER
Truck DRIVER

Tax1 DRIVER
STATIONARY ENGINEER

/53

PHYSICS « MOTION
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ASTRONAUTS

PHYsCAL CHEMIST
ENGINEERING TECHNICIAN
GeoPHYSICS

PHYSICIST

TEACHER SECONDARY=COLLEGE
VETERINARIAN

RAD1OLOGIST

FBl AGent

FisH CULTURE TECHNICIANS
FLIGHT ENGINEER

JEWELER

WATCH REPAIRMAN

OPERAT ING ENGINEER (CONSTRUCTION)
APPRENTICE ENGINEER
Power DISPATCHER

BotLER FIREMAN




Q

ERIC

Aruitoxt provided by Eic:

/ny

MOTION
LEVEL: Junior HIGH

ACTIVITY: To 0BSERVE WHAT HAPPENS WHEN A MOVING BODY HITS A
STAT IONARY OBJECT,

MATERIALS: A RULER WITH GROOVE GRAPH PAPER
A MARBLE BLOCKS

BACKGROUND ¢

IF YOU OBSERVE THE MOTION OF A BODY, YOU CAN DISCOVER SEVERAL
PROPERTIES OF THAT MOTION. AS YOU DO THIS EXPERIMENT, SEEK TO
DISCOVER SEVERAL PROPERT{ES OF MOT!un, YOU ARE TO OBSERVE THE
INTERACTIONS OF TWO BODIES = ONE MOVING AND ONE AT REST (STATION~
ARY). How 1S A BODY AT REST DEFiNEST THE MOVING BODY WHICH YOU
ARE TO USE IS A MARBLE ROLLING DOWN AN INCLINED PLANE, GALILEO
WAS PROBABLY THE FIRST TO USE THE INCLINED PLANE TO INVESTIGATE
MOVING BOD{ES, AN INCLINED PLANE IS A SURFACE WHICH IS ON A
SLANT (AT AN ANGLE TO THE HORIZONTAL)s SINCE THE STATIONARY
BODY IN THIS EXPERIMENT IS RESTING ON THE TABLE, ASSUME THAT, IF
IT DOES CHANGE POSITION, THE CHANGE 1S ALONG THE SURFACE OF THE
TABLE, (No CHANGE IN ALTITUDE.) THE POSITION (S) OF THE BODY
CAN BE REPRESENTED ON A GRAPH, SINCE THE CHANGE TAKES PLACE IN
REFERENCE TO ONLY TWO REFERENCE POINTS. THE POSITION OF THE
BODY REMAINS CONSTANT IN REFERENCE TO THE THIRD REFERENCE POSNT
(aLTiTUDE),

PROCEDURE :

PART 1= TAPE A PIECE OF GRAPH PAPER ONTO THE LAB BENCH OR
TABLE ToP, PLACE ONE CND OF RULER SO THAT IT JUST TOUCHES THE
MIDPOINT OF ONE EDGE OF THE PAPER AND PROP THE OTHER END UP SO
THAT IT IS APPROXIMATELY AT A 45° ANGLE, KEEP THIS SET=UP CONSTANT
THROUGHOUT THE EXPERIMENT. PLACE THE BLOCK AT THE BASE OF THE
RULER, MARK ITS POSITION BY DRAWING A LINE AROUND IT. LaABEL
THIS POSITiON A, HOLD THE MARBLE AT THE TOP OF THE RULER. RELEASE
THE MARBLE. OBSERVE, MARK THE NEW POS{TION OF THE BLOCK BY
DRAWING AROUND IT. LABEL IT B. PLACE THE BLOCK AT THE INITIAL
POSITION A AND AGAIN RELEASE THE MARBLE. DRAW AROUND THE BLOCK.
LABEL THE POSITION OF THE BLOCK C. REPEAT THE STEPS. LABEL
TH!S POSITION OF THE BLock D.

FIND THE CENTER OF POSITION A, DO THIS BY DRAWING-D!AGONAL
LINESs LABEL THIs PoiINT 0,0. Now DRAW A LINE PARALLEL TO THE
EDGE OF THE PAPER FROM 0,0. LABEL THE LEFT SIDE OF THE LINE L
AND THE RIGHT ONE R, AT 0,0 DRAW A LINE AT RIGHT ANGLES TO LR,
LABEL THIS LINE Fo FIND THE POSITION (FINAL) OF THE CENTER OF
THE BLOCK IN EACH TRIAL. DO THIS BY COUNTING THE SQUARES OF THE
PAPER THAT THE CENTER OF THE BLOCK IS FROM THE LINE LR AND ALSO
FROM LINE F. REPEAT THESE STEPS TO DETERMINE PosiTions C anp D.
MAKE A DATA TABLE:
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NO. OF SQUARES NO, OF CM,

FROM LR FROM F FROM LR~ FROM F

POSITION L | R L,R L | R L, R
B
c

MEASURE WITH A RULER THE NUMBER OF CENTIMETERS (CM) BETWEEN
POSITIONS A aAnD POSITION B; A AND C; A AND D, RECORD THESE DATA.

PART 2 = THIS TIME WORK WITH A LARGE BLOCK AND A MARBLE, PRO=
CEED EXACTLY AS DIRECTED IN PART 1.

PART 3 = AGAIN USE THE LARGE BLOCK, BUT THIS TIME USE A LARGE
MASS ON THE INCLINED PLANE,

DISCUSSION OF RESULTS: PaRT 1

1e How CAN YOU PROVE THAT A CHANGE IN POSITION OF THE BLOCK
OCCURRED?

2. DID THE BLOCK MOVE WHEN THE MARBLE HIT IT? ON WHAT BASIS
DID YOU DECIDE UPON YOUR ANSWER?

3. WHAT OIFFICULTIES DID YOU HAVE IN DETERMINING THE DISTANCE
BETWEEN POSITION 1, 2, OR 3 AND O7

4, WERE YOUR RESULTS CONSISTENT? IF NOT, WHAT WERE YOUR
SOURCES OF ERROR?

S« WHAT WERE THE CONSTANTS IN THIS STATION OF THE EXPERIMENT?
LiSTe WHAT WERE THE VARIABLES? LisT.

1. WHAT WAS THE DIFFERENCE BETWEEN THE EXPERIMENT WHICH
YOU DID IN PART 1 AND IN THIS PART 27
2. WHAT WAS THE EFFECT OF INCREASING THE MASS OF THE BLOCK?

PART 3
1. WHAT WAS THE DIFFERENCE BETWEEN THE EXPERIMENT IN PART 2
AND 37
2. WHAT WAS THE EFFECT OF INCREASING THE MASS OF THE MOVING
gopyY?

GENE*  "ZATIONS:
WHAT ARE THE INTERACTIONS BETWEEN A MOVING BODY AND A BODY AT

REST? WHAT FACTORS AFFECT THE DISTANCE WHICH THE BODY AT REST
MOVES WHEN IT 1S HIT BY A MOVING 80DY?
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MOT ION
LeveL: Junior HigH & ABOvE

ACTIVITY: PenouLuMm ACTIVITIES

MATERIALS: PART 1 « CDNE=SHAPED CUPS
SALT
SC{SSDRS
STRING DR LIGHT WIRE
PENDULUM STAND

PART 2 = STRING
Toy cAR
PENDULUM STAND

PrRocepURES: (PART 1)

CuT A SMALL HOLE IN THE BDTTDM DF A CDNE=SHAPED CUP, THEN
CUT THREE EVENLY=SPACED HDLES AT THZ TDP RIMy, PASS STRING THRDUGH
THEMy AND HANG THE CUP, WHEN THE CUP IS FILLED WITH SALT, IT
WILL DRDP THE SALT LIKE AN HDURGLASS. |F THE CUP IS USED AS THE
80B DF A PENDULUM, THE SALT WILL TRACE DUT THE SWING PATTERN DF
THE PENDULUM, [N PLACE OF A CDNE=SHAPED CUP, YDU CAN USE A
FRDZEN=JUICE CAN WITH A HDLE IN THE BOTTDM DR AN UPSIDE<«DDWN
DETERGENT BDTTLE. SALT PENDULUMS CAN BE HUNG FROM THE STANDARD
PENDULUM SUPPDRTS. THEIR MDVEMENT 1S SLDWER AND MORE STATELY,
HOWEVER, WHEN THEY ARE HUNG FRDM THE CEJLING, SPREAD A SHEET
DR PLENTY OF PAPER BELDW TD CATCH THE SALT, AND TAPE ANY JDINTS
IN THE PAPER V/ITH MASKING TAPE,

THE SALT PENDULUMS CAN BE USED IN ANY PENDULUM EXPERIMENTa
LET CHILDREN TRY LOTS DF DIFFERENT WAYS DF HANGING AND SWINGING
THE PENDULUMS, MANY DIFFERENT DESIGNS AND PATTERNS CAN BE MADE
WITH SALT PENDULUMS,

OFTEN, CHILDREN COUPLE TWO SALT PENDULUMS TOGETHER, "JUST TO
SEE WHAT WILL HAPPEN." |F THEY HAVE ALREADY WORKED W!TH COUPLED
PENDULUMS, THEY MAY TRY SOME OF THE ACTIVITIES AGAIN WITH SALT
PENDULUMS AND GET A VISUAL RECORD OF THE MOTION OF COUPLED
PENDULUMS .

A SIMPLE SALT PENDULUM CAN BE MADE BY HANGING A CAN OR CUP
FROM A SINGLE STRING.

WHAT KINDS OF PATTERNS WILL A SIMPLE SALT PENDULUM MAKE?

A CDMPOUND SALT PENDULUM CAN BE MADE BY HANGING THE CAN DR
cup FROM A "Y" SUSPENSION, THE KNOT MADE WHERE THE THREE STRINGS
INTERSECT SHOULD BE A SLIP KNDT. EVERY TIME THE PDSITION OF THE
SLIP KNOT IS CHANGED, THE SAND WILL DRDP IN A NEW PATTERN,

WHAT KINDS OF PATTERNS WILL A COMPOUND SALT PENDULUM MAKE?
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PROCEDURES : (PART 2)

A RATHER INTERESTING EXPERIMENT COULD BE TRIED OUT TO DETERMINE
THE APPROXIMATE CENTER OF GRAVITY OF A TOY AUTOMOBILE, SUSPEND
THE AUTOMOBILE BY ITS FOUR CGRNERS TO A HORIZONTAL ROD AND SET IT
SWINGING THROUGH A SMALL ARC.

COUNT THE NUMBER OF VIBRATIONS OVER A PERIOD OF TWO OR THREE
MINUTES. DETERMINE THE PERIOD OF ONE VIBRATION BY DIVIDING THER
TOTAL ELAPSED TIME TAKEN [N SECONDS., USING THE FORMULA FOR THE
SIMPLE PENDULUM CALCULATE THE LENGTH OF AN EQUIVALENT SIMPLE
PENDULUM WHICH WOULD HAVE THE SAME PERIOD OF VIBRATION AS THE
AUTOMOBILE,

eTC
y2

. L= (REARRANGING TERMS )

WHERE G IS THE ACCELERATION OF GRAVITY AND T IS THE PERIOD OF
THE PENDULUM JUST OBSERVED, L WILL GIVE THE APPROXIMATE LOCATI!ON
OF THE CENTER OF GRAVITY IN THE AUTOMOBILE AS MEASURED FROM THE
POINT OF SUSPENSIGN.. DOES IT FALL WITHIN THE LOWER PART OF THE
TOY AUTOMOBILE AS IT SHOULD?
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MOT ION
LeveL: HieH ScHoolL

ACTIVITY: Speep

THE TERM SPEED IS PART OF YOUR EVERYDAY VOCABULARY, WE TALK

ABOUT THE SPEED OF AUTOMOBILES, JET AIRPLANES, AND EVEN THE SPEED OF
SOUND AND OF LIGHT. THIS INVESTIGATION IS DESIGNED TO SHOW YOU

A METHOD OF MEASURING SPEED,

MATERIALS (PER TEAM):

GROOVED SPEED=TRACK SYSTEM ( A SINGLE STEEL BALL ABOUT 1/2 INCH IN
LONG TRACK MAY BE USED, IF YOU CHOOSE DIAMETER
6 DIFFERENT TRACK LENGTHS.) TiMER

GRAPH PAFER

PROCEDURES ¢

A, HoLD THE STEEL BALL AGAINST THE STARTING POST IN TRACK 1, RELEASE
THE BALL, AND DETERMINE THE TIMF IT TAKES THE BALL TO REACH THE

+ END OF THE TRACK. TIME CAN BE MEASURED WITH A CLICK TIMER, WITH
A STOP WATCH, OR BY CAREFUL OBSERVATION OF A SWEEP SECOND HAND
ON A WATCH OR CLOCK, TEAMWORK IS IMPORTANT! [T 1S BEST TO MAKE
SEVERAL TRIALS, AND CALCULATE THE AVERAGE TIME FOR ALL TRIALS.

B. REPEAT THE PROCEDURE, USING TRACKS 2 THROUGH 6. RECORD THE
AVERAGE .TIME FOR EACH TRACK.

C. MEASURE THE LENGTH OF EACH TRACK IN CENTIMETERS OR INCHES.

D. PLOT THE DATA ON A BAR GRAPH, USING THE HORIZONTAL AXIS TO SHOW
DISTANCE TRAVELED AND THE VERTICAL AXIS TO SHOW TIME,

INTERPRETATIONS

1o COMPARE YOUR GRAPH WITH THE APPEARANCE OF THE SPEED TRACK SYSTEM.
DESCRIBE SIMILARITIES AND DIFFERENCES, AND SUGGEST AN EXPLANATION.

TIME. ExpLAlN

2. ASSUME THAT & = SPEED, D = DISTANCE, AND T
RACH OF THE FOLLOWING EQUATICNS:

D = 8T C. T=

n 1

3. SUGGEST WAYS IN WHICH THE DESIGN OF THIS INVESTIGATION COULD
BE IMPROVED TO YIELD MORE ACCURATE RESULTS,

M. IN YOUR OWN WORDS WRITE OUT A DEFINITION OF SPEED,

UNDERSTANDING FORCE:
FORCE WAS USED BY MAN LONG BEFORE HE REALIZED WHAT IT wWAS, HE
APPLIED FORCE WHEN HE LIFTED A STONE OR THREW A SPEAR. TODAY WE
USE MANY DEVICES TO PRODUCE FORCE: JET ENGINES, ELECTRIC MOTORS,
GASOL INE=POWERED ENGINES, AND ATOMIC ENERGY REACTORSe WE HAVE
TALKED ABOUT THE ATTRACTIVE FORCES BETWEEN ATOMS AND BETWEEN
o . MOLECULES, AND WE HAVE SEEN THAT THERE 1S A FORCE CALLED GRAVITY.
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ALL OF THESE EXAMPLES INVOLVE LIFTING, PUSHING, PULLING, OR
ATTRACTING, FORCE tS ANY INFLUENCE THAT TENDS TO CAUSE MATTER TO
MOVE. THE WORD TENDS 1S IMPORTANT, FOR EXAMPLE, IF YOU ATTEMPY
TO LIFT ONE END OF AN AUTOMOBIiLE YOU ARE EXERTING FORCE, EVEN THOUGH
THE CAR !S TOO HEAVY TO LIFT. OR, IF YOU LEAN AGAINST A SOLID WALL
YOU EXERT FORCE, EVEN THOUGH THE WALL DOES NOT MOVE. '

IT TAKES FORCE TO COMPRESS, STRETCH, OR BEND A SPRING. THE
ATOMS IN A SPRING ARE ARRANGED IN A PARTICULAR WAY, TO BEND THEM
OUT OF THEIR PATTERN REQUIRES THAT THE ELECTRONS HOLDING THEM TOGETHER
BE CROWDED IN SOME PLACES AND THINNED OUT IN OTHERS. WHERE THE
ELECTRONS ARE CROWDED TOGETHER, THEY REPEL EACH OTHER MORE STRONGLY
AND GIVE THE METAL SPRING A TENDENCY TO RETURN TO ITS ORIGINAL SHAPE.
THE MORE YOU BEND THE MATERIAL OUT OF ITS NORMAL SHAPE, THE MORE
CROWDED THE ELECTRONS BECOME AND THE GREATER |S THE TENDENCY OF THE
MATERIAL TO RETURN TO I7S ORIGINAL SHAPE. ONE wWAY TO MEASURE THIS
TENDENCY IS TO OBSERVE THE EFFECT OF A SPRING ON A STEEL BALL.

1. WHAT CAREERS WOULD NEED TO KNOW SOMETHING ABOUT SPEED, TIME
AND DISTANCE?
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MOTION
Lever: HigH ScHooL

ACTIVITY: Resoruttion OF FORCES
How CAN ONE FORCE BE SEPARATED INTO TWO FORCES?

THE FORCE OF THE WIND AGAINST THE SURFACE OF A KITE SEEMS TO BE
EFFECTIVE IN TwO DIRECTIONS, IT PRODUCES A VERTICAL LIFT AGAINST
GRAVITY, AND AT THE SAME TIME, PART OF THE FORCE OF THE WIND IS
CXERTED §N A HORIZONTAL DIRECTION, THIS FORCE TENDS TO DRAG THE
KITE WITH THE WIND,

PROCEDURES ¢
THE SIMPLE CRANE IN FiGe 1 PRODUCES TwO FORCES AT B WHICH CONBINE
TO SUPPORT THE WEIGHT W,

1. WHAT 1S THE DIRECTION OF THE FORCE EXERTED BY THE CORD AT B?
FrOM TO

2. |Is THE BooM AB UNDER TENSION OR COMPRESSION?

3. WHAT IS THE DIRECTION OF THE FORCE EXERTED BY THE BOOM AT 87
From TO

THE FORCE OF THE BOOM CAN BE REPLACED BY A SPRING BALANCE ATTACHED
AT B AND ACTING PARALLEL TO THE BOGCM.

By MEANS OF THE PARALLELOGRAM METHOD, IT IS POSSIBLE TO COMPUTE
THE FORCES EXERTED BY W ON THE SUPPORTING PARTS OF THE CRANE,

SET UP THE APPARATUS SO THAT THE BooM AB (FiG. 1) 1S HORIZONTAL.
HANG A 500=G WEIGHT ON THE END OF THE BOOM. RECORD THE READING OF
THE BALANCE C., MEASURE ANGLE ABC CAREFULLY, [F A LARGE PROTRACTOR
IS NOT AVAILABLE, PLACE A LARGE -PIECE OF PAPER AGAINST THE CRANE
AND ACCUchﬁLY MARK THE S1ZE OF ANGLE ABC,

SN
BN v’
AN
~,
[} ~,
' ~
' ~
L} \L
-~ T
B A
w
Fig. 2
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ON A SHEET OF NOTEBOOK PAPER, CONSTRUCT THIS ANGLE (Fic. 2).
EXTEND THE LINE WB VERTICALLY UPWARD., ON THIS LI JE, MARK OFF A
DISTANCE FROM B TO REPRESENT THE WEIGHT W. CHOOSE A SCALE TO
REPRESENT W AS LARGE AS IS CONVENIENT FOR YOUR PAPER.

RECORD ON THE PAPER THE SCALE YOU USED. CALL THIS LINE BW'.
BW! 1S THE RESULTANT FORCE.

Y, BW' IS WHAT PART OF THE PARALLELOGRAM YOU ARE GOING TO CONSTRUCT?

EXTEND AB. THROUGH W! CONSTRUCT LINES W'A! AND W!C' PARALLEL TO
BC anD BA, RESPECTIVELY. MeASURE BC' AND BA' AND APPLY THE SAME
SCALE AS YOU USED IN DRAWING BW'. RECORD THE SIZE OF THE FORCE EACH
LINE REPRESENTS.

ATTACH A SPRING BALANCE TO THE END B OF THE BOOM AND PULL OUT
HORS ZONTALLY UNTIL THE =ND A OF THE BOOM JUST LEAVES THE SUPPORT.
NOTE THE BALANCE READING. B

5. HOw DOES IT COMPARE WITH THE FORCE BA'! THAT YOU COMPUTED?
IN THE SECOND TRIAL, FASTEN BALANCE C TO ANOTHER POSITION SO.

THAT THE BooM AB IS RAISED ABOVE THE HORIZONTAL. USE THE SAME
WEIGHT AND REPEAT THE PROCEDURE ABOVE,

DATA_

FIRST TRIAL 1 SECOND IRIAL

WE IGHT

BALANCE READING CF FoRCE BC

CompUTER FORCE BC!

BALANCE READING OF FORCE BA'

ojojolo|o
ololoIo o

COoMPUTED FORCE BA?

Discussion:
7. A LADDER LEANS AGAINST A WALL. SHOW BY A DIAGRAM THE DIRECTION
OF THE COMPONENTS OF THE FORCE OF THE LADDER AGAINST THE WALL.

;
2. A STREET LAMP WEIGHING 60 LB 1S SUSPENDED IN A CRANE SIMILAR TO

THE ONE YOU USED. [F ANGLE ABC !s h5°, WHAT ARE THE FORCES IN
AB ano BC?

3. WHAT ADVANTAGE S THERE IN SUPPORTING A LAMP BY A CRANE OF THIS
TYPE RATHER THAN BY A SINGLE HORIZONTAL ARM?.\ .

h. LIST SEVERAL OCCUPATIONS THAT WOULD NEED TO BE ACQUAINTED WITH
THE OBJECTS IN THIS INVESTIGATION,
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MOTION
Lever: HiGgHSSCHooOL

ACTIVITY: How po we CALCULATE THE ESCAPE VELOCITY OF A ROCKET?

SOME OF OUR EARTH SATELLITES HAVE "ESCAPED" FROM THE EARTH TO

GO INTO ORBIT AROUND THE SUN, YET WE LEARN FROM OUR EQUATION FOR
GRAVITATIONAL FORCE BETWEEN TWO BODIES THAT THE INFLUENCE OF GRAVITY,
THOUGH IT MAY BECOME VERY WEAK, EXTENDS INDEFINITELY INTO SPACE.
WHAT DOES IT MEAN, THEN, FOR A SATELLITE TO "EScAPE"?

Te

2.

IT HAS BEEN FOUND THAT ANY TWO MASSES ATTRACT ONE ANOTHER WITH

a{n) FORCE., IT 1S THIS FORCE THAT KEEPS THE
IN ORBIT AROUND THE EARTH AND THE EARTH IN ORBIT
AROUND THE .

WE HAVE SEEN THAT THE EQUATION BY WHICH WE CAN CALCULATE THIS
FORCE 1% GIVEN 5Y

F =G4
RrR2
WHERE M AND M ARE THE TWO 4 RIS >

AND G 1S THE GRAVITATION CONSTANT WHOSE VALUE 1S
NEWTON=METERZ PER K1LOGRAMS,

THE POTENTIAL ENERGY OF A MASS IN THE GRAVITATIONAL FIELD OF THE
EARTH WAS EARLIER CALCULATED ON THE ASSUMPTION THAT THE FORCE
DID NOT CHANGE VERY MUCH. [F OUR DISTANCE FROM THE CENTER OF
THE EARTH CHANGES, THIS ASSUMPTION WILL NO LONGER BE VALID. THE
METHOD OF CALCULATING THE POTENTIAL ENERGY WHEN THE FORCE VARIES
IS BEYOND THE MATHEMATICAL LEVEL OF THIS COURSE. TO MAKE THIS
CALCULATION EASICR, IT TURNS OUT THAT WE SHOULD PLACE OUR ZERO
OF POTENTIAL ENERGY AT INFINITY. SINCE AN OBJECT CLOSER TO THE
EARTH IS GENERALLY SAID TO HAVE LESS POTENTIAL ENERGY, THIS MEANS
THAT ANY OBJECT AT A FINITE DISTANCE MUST HAVE A NEGATIVE POTEN=
TIAL ENERGY (SINCE THE POTENTIAL ENERGY AT INFINITY IS ZERO).

IF WE ESTABLISH OUR ZERO OF POTENTIAL ENERGY AT INFINITY,
THE POTENTIAL ENERGY AT ANY POINT IN THE GRAVITATIONAL FIELD
IS THEN GIVEN 8Y A VERY SIMPLE EQUATION:

Ug = = EEE
R

THE MINUS SIGN INDICATES THAT A BODY (GAINS, LOSES)

POTENTIAL ENERGY AS IT FALLS TOWARD THE EARTH (R BECOMES SMALLER).
WHEN A BODY FALLS FROM INFINITY TO A DISTANCE R FROM THE EARTH'S
CENTER, THERE IS A ToTAL (GaIn, Loss) OF POTENTIAL
ENERGY EQUAL TO GMM/R, FOR THE BODY TO RISE AGAIN FROM R TO
INFINITY, IT MUST (ACQUIRE, GIVE UP) THE SAME
AMOUNT OF POTENTIAL ENERGY,.

WHEN A ROCKET BEGINS {TS JOURNEY, IT HAS A LARGE AMOUNT OF
ENERGY. BUT THE HIGHER IT GOES, THE GREATER ITS
ENERGY BECOMES, SOME OF THE ENERGY IT

HAD DURING THE EARLY PART OF {TS FLIGHT IS TRANSFORMED INTO
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ENERGY AS IT GETS FARTHER FROM THE EARTH. WHEN
ALL THE XINETIC ENERGY HAS BEEN TRANSFORMED TO POTENTIAL ENERGY,
IT WILL STOP.

5. IF WE WANT iT TO "ESCAPE," WE MUST PROVIDE ENOUGH KINETIC ENERGY
ON THE TAXE=OFF SO THAT IT CANNOT ALL BE TRANSFORMED INTO POTEN=
TIAL ENERGY EVEN IF THE CRAFT TRAVELS TO INFINITY. THIS MEANS

THA
HAT 1T wy2 - G
5 =

MUST ALWAYS BE GREATER THAN ZERCe |F WE SET THE ABOVE EXPRES=
SION EQUAL TO ZERO, WE WILL HAVE THE M/NIMUM CONDITIONS WHICH

WOULD PERMIT THE ROCKET TO REACH AN INFINITE DISTANCE. IN THIS
SASE, WE WOULD THEN HAVE

1.2
2 R
WHICH, UPON SIMPLIFICATION, GIVES US oaM
AND, Ve =

SUBSTITUTING IN THEIS EQUATION, WE HAVE
2 = (2) (6.67 x 1071} (6 x 102%)

6.3 x 106 v2 = 1,26 x 108 w2/sec?
v = 1.12 x 10% u/sec

AN OBJECT WHICH LEAVES THE EARTH WITH THIS VELOCITY wiLtk
ALWAYS BE ABLE TO OUTRUN THE DECELERATIGN PRODUCED BY THE EARTH'S
GRAVITY, WE CALL THIS THE ESCAPE VELOCITY.

NOTICE THAT WE HAVE ASSUMED THERE ARE NO OTHER FACTORS TO
CONSIDER SUCH AS THE POSSIBLE EFFECT OF THE MOON OR THE SUN AND
THE FRICTION OF THE ATMOSPHERE,

6. WHAT IS THE ESCAPE VELOCITY,FOR A ROCKET LEAVING THE SURFACE
oF THE Moon (M = T.3% x 10“ke anD R = 1.74 x 10° M)?

” ANS,

7. IF A ROCKET DOES NOT ESCAPE BUT GOES INTO ORBIT, IT SOMETIMES
LOSES ENERGY THROUGH FRICTION OF THE ATMOSPHERE AND "FALLS IN"
CLOSER TO THE EARTH. YOU MIGHT EXPECT THAT THE RESISTANCE OF
THE ATMOSPHERE WOULD SLOW THE ROCKET DOWN, BUT WHAT ACTUALLY

HAPPENS IS THAT THE VELOCITY OF THE ROCKET AS T
FALLS CLOSER TO THE EARTH. [Ts ENERGY IS THERE=
FORE INCREASING, BUT (TS ENERGY IS, HOWEVER,
DECREASING. THE LOSS OF ____ ENERGY IS GREATER THAN
THE GAIN OF ENERGY. THE DIFFERENCE IS CONVERTED
INTO OF THE ROCKET AND THE ATMOSPHERE.

PROCLEM SUMMARY: A ROCKET IS SAID TO HAVE ESCAPE VELOCITY WHEN ITS
VELOCITY IS SUFFICIENT TO ALWAYS OUTRUN THE PRODUCED BY
THE GRAVITY OF THE EARTHe WHAT TYPES OF CAREERS WOULD FIND THIS USEFUL?
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MOTION
Lever: HigH ScHooL

ACTIVITY: ANALYSIS OF MOMENTUM

MATERIALS {PER TEAM):

TRACK WITH FORCE MECHANISM

8 MARBLES OF THE SAME WEIGHT

2 STEEL BALLS SHEET OF TRACING PAPER
SHEET OF CARBON PAPER

PROCEDURES ¢

A,

B.

MAKE SURE THE TRACK IS LEVEL., PLACE A MARBLE IN THE GROOVE ABOUT
5 CM FROM THE LAUNCHING POINT, LAUNCH A SECOND MARBLE WITH A
MEASURED AMOUNT OF FORCE, RECORD THE SETTING USED ON THE FORCE
MECHANESM AND THE REACTION THAT OCCURS BETWEEN THE 2 MARBLES.

PLACE 5 MARBLES IN THE MIDDLE OF THE GROOVED TRACK SO THAT THEY
TOUCH EACH OTFZR, LAUNCH A MARBLE WITH THE SAME FORCE SETTING
USED IN PROCEDURE A, RECORD THE EFFECT ON THE 5 MARBLES,

PLACE 5 MARBLES IN THE MIDDLE OF THE GROOVED TRACK AS IN PRro-
CEDURE B. SHCOT 2 MARBLES AT THE SAME TIME AND WITH THE SAME
FORCE SETTING USED BEFOREe. RECORD THE EFFECT ON THE 5 MARBLES.
REPEAT THIS PROCEDURE SHOOTING 3 MARBLES AT THE SAME TIME, AND
RECORD THE EFFECT ON THE OTHER F1IVE.

PLACE A MARBLE IN THE MIDDLE OF THE GROOVED TRACKe. SHOOT ONE
OF THE STEEL BALLS WITH THE SAME FORCE SETTING, RECORD YOUR
RESULTS.

INTERPRETATIONS :

Te

2.

WHAT HAPPENED TO THE MOMENTUM OF THE MARBLES LAUNCHED IN PRO=
CEDURES A, B, aND C?

AS A RESULT OF THE COLLISIONS, HOW DID THE CHANGE IN MOMENTUM
OF THE STEEL BALL IN PROCEDURE D COMPARE W!TH THE CHANGE IN
MOMENTUM OF THE MARBLES THAT WERE LAUNCHED IN PROCEDURES A, B,
anp C?

PROBLEMS $

Te

2.

CAREFULLY STUDY THE RESULTS OF EACH PROCEDURE, RECALL THAT
MOMENTUM 1S A PROPERTY OF A MOVING OBJECT AND IS EQUAL TO THE
MASS OF AN-OBJECT TIMES ITS SPEED. .FROM THE RESULTS OF THE EX~
PERIMENTS YOU HAVE PERFORMED, STATE A GENERAL LAW ABOUT MOMENTUM.

FROM YOUR CBSERVATIONS, PREDICT WHAT WiLL HAPPEN IF A STEEL

BALL IS PLACED IN THE MIDDLE OF THE TRACK AND A MARBLE |5
LAUNCHED AT 1T, RFECORD YOUR PREDICTION,
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PROCEDURES: ( CONTINUED)

E.

Fe

PLACE A STEEL BALL IN THE MIDDLE OF THE TRACK, AND LAUNCH A
MARBLE AT IT. OBSERVE THE QIRECTION OF MOTION OF EACH AFTER
THE COLLISION, ROUGHLY COMPARE THE SPEED OF THE MARBLE BEFORE
AND AFTER THE COLLISION,

IN PREVIOUS PROCEDURES, THE DIRECTIONS IN WHICH THE MARBLES AND
STEEL BALLS MOVED AFTER COLLISION WERE LIMITED BY THE TRACK.

IN THIS PROCEDURE THE STEEL BALLS WiLL BE FREE TO MOVE IN ANY
DIRECTION ON A TABLE TOP AFTER THEY COLLIDE., PULACE THE CARBON
PAPER ON THE TABLE, CARBON SIDE UP, AND LAY THE TRACING PAPER
OVER IT. THE WEIGHT OF EACH BALL WILL LEAVE A TRACK ON THE °
BOTTCHM OF THE TRACING PAPERe ROLL THE STEEL BALLS TOWARD EACH
OTHER==ONE FROM EACH HAND, TRY TO RELEASE THE BALLS IN SUCH A
WAY THAT THEY HAVE APPROXIMATELY EQUAL SPEED. MAKE SKETCHES
OF SEVERAL COLLISIONS, USING CIRCLES TO REPRESENT THE STEEL BALLS
AND ARROWS TO INDICATE THEIR MOVEMENTS, USE INK TO DRAW THE
CIRCLE AND ARROW TOR ONE BALLe USE PENCIL TO DRAW THE CIRCLE
AND ARROW FOR THE OTHER BALL.

INTERPRETATIONS: (CONTINUED)

3.

L.

WHAT THREE FACTORS SEEM TO DETERMINE THE RESULTS OF THE COLLISIONS
YOU OBSERVED IN Proczpu>t E?

IN THE ANALYSIS OF MOTJON, IT 1S NOT ENOUGH TO KNOW THE SPEED
OF AN OBJECT. YOU MUST ALSO KNOW THE EXACT DIRECTION IN WHICH
AN OBJECT IS MOVINGe THE CCMBINATION OF SPEED AND DIRECTION
IS VELOC!TY. [N PROCEDURE F COULD YOU PREDICT WHAT DIRECTION
EACH BALL WOULD TAKE AFTER THE TwO COLLIDED?

AS LONG AS YOU LIMIT THE DIRECTION OF MOTION WITH A TRACK, IT

IS FAIRLY EASY TO PREDICT THE RESULT OF A COLLISION. WITHOUT THE
TRACK THE OBJECTS HAVE GREATER FREEDOM OF MOVEMENT, AND THE MATHE~-
MAT ICS BECOMES COMPLICATED, /

3.

PROBLEMS :  {CONTINUED)

SUPPOSE THAT AN AUTO AND A LARGE, HEAVILY~LADEN TRUCK ARE EACH
TRAVELING AT 5C MILES PER HOUR, '{HiCH WOULD HAVE THE GREATEST
CHANGE IN DIRECTION AND SPEED IF THEY WERE TO COLLIDE HEAD=ON?
BASE YOUR ANSWER ON YOUP PREVIOUS INVESTIGATION OF THE COLLISION
BETWEEN A MARBLE AND A STEEL BALL.
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MOT {ON
LeveL: HiGH ScHool

ACTIVITY: ACCELERATION AND MEASURING ACCELERATION

JF You sToP A BICYCLE AT THE TOP OF A HILL AND THEN START COASTING
DOWN THE HILL, YOU WILL EXPERIENCE A CONSTANT INCREASE IN SPEED. THIS
MIGHT MAKE YOU WANT TO SLOW DOWN BY USING THE BRAKES, WHEN YOU ARE
ON THE HILL GRAVITY CAN CAUSE YOUR SPEED TO INCREASE OR DECREASE;

. FRICTION CAN CAUSE IT TO DECREASE,

A BALL ROLLED UP A HILL DOES NOT MOVE AT A STEADY SPEED AND THEN
SUDDENLY STOP, [T WILL GRADUALLY SLOW DOWN, STOP, AND THEN START
ROLLING BACK DOWN THE HiLL., LACKING BRAKES, THE BALL WILL CONTINUE
INCREASING IN SPEED UNTIL 1T REACHES THE BOTTOM OR UNTIL SOMETHING
SToPS IT.

{T #S DIFFICULT TO DETERMINE THE SPEED OF A BALL ROLLING DOWN A
HILL AT ANY ONE INSTANT OF TIME., I[N THE NEXT INVESTIGATION YOU WILL
ATTEMPT TO DETERMINE THE AVERAGE SPEED OF A BALL FOR Di{FFERENT IN~
TERVALS OF TIME, WHILE IT IS ONE THE SLOPE. FROM THESE AVERAGES
YOU CAN DETERMINE THt ACCELERATION OF THE BALL.

MEASURING ACCELERATION

STUDY THE DIRECTIONS CAREFULLY. BEFORE BEGINNING THE INVESTIGATION.
YOUR RESULTS CAN BE ACCURATE ONLY IF EACH PERSON ON YOUR TEAM DOES
HIS JOB CAREFULLY.

MATERIALS:

TRACK MARKING GUIDE (CARD WITH SMALL
MASKING TAPE HOLE IN IT) "

STRIP OF PAPER (AS LONG AS THE TRACK) STEEL BALL OR MARBLE ',
TIMER METRIC RULER

GRAPH PAPER

PROCEDURES ¢

A. SET THE TRAC«-AT A SLOPE oF Asout 5/100.

8. TAPE THE MARKING GUIDE TO THE TABLE NEAR THE RAISED END OF THE
TRACK. SLIDE THE STRIP OF PAPER UNDER THE MARKING GUIDE.

C. HAVE ONE MEMBER OF YOUR TEAM PUT THE BALL AT THE TOP OF THE
TRACK AND HOLD IT IN POSITION WITH A PENCiIL, HAVE ANOTHER TEAM
MEMBER GRASP THE END OF THE STRIP OF PAPER AND MOVE IT UNTIL
IT 1S EVEN WITH THE BALL. START THE TIMER AND RELEASE THE BALL
AT THE INSTANT THE TIMER CLICKS., PRACTI{CE SLIDING THE STRIP OF
PAPER ALONG THE TABLE SO THAT ITS END STAYS EVEN WITH THE BALL
ROLLING DOWN THE TRACK.

D. Now HAVE ANOTHER TEAM MEMBER PRACTICE MARKING THE MOVING PAPER
STRIP THROUGH THE HOLE IN THE MARKING GUIDE. USE A BALL=POINT
PEN, AND PRACTICE TAPPING THE STRIP IN TIME WITH EACH CLICK
OF THE TIMER.

E. WHEN YOU HAVE PRACTICED ENOUGH TO MAKE YOUR RESULTS DEPENDABLE,
TURN OVER THE PAPER STRIP AND MOVE IT INTO STARTING POSITION.
HAVE THE MARKER BEGIN TAPPING THE PAPER THROUGH THE HOLE IN
TIME WITH THE CLICKS. THIS WILL MARK THE BEGINNING POINT FOR
YOUR RECORD. WHEN THE BALL 1S RELEASED AND THE STRIP OF PAPER
is' PULLED, THE MARKS ON THE PAPER WILL BE SEPARATED BY THE D§S-
TANCE THE BALL ‘HAS MOVED BETWEEN CLICKS.
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Fo MEASURE AND RECORD THE DISTANCES BETWEEN MARKS.

{NTERPRETATIONS:

1. SINCE THE TIME INTERVAL FOR EACH DISTANCE YOU MEASURED IS ONE
CLICK, THE AVERAGE SPEED FOR THAT INTERVAL IS NUMERICALLY
EQUAL TO THE DISTANCE, ° )

AVERAGE SPEED = DISTANCE BETWEEN MARKS

1 CLICK

RECORD THE AVERAGE SPEED FOR EACH TIME INTERVAL CAREFULLY.

2. PREPARE A GRAPH OF YOUR DATA, PLOT THE AVERAGE SPEEDS ON THE
VERTICAL AXIS AND THE TIME :-INTERVALS ON THE HOR!ZONTAL AXIS,

3. STUuDY THE GRAPH. DOES THE SPEED INCREASE BY THE SAME AMOUNT
FROM ONE TIME INTERVAL TO THE NEXT? s

b, |F THE AMOUNT OF CHANGE FROM ONE TIME INTERVAL TO THE NEXT IS
RELATIVELY CONSTANT, WHAT IS THE AVERAGE CHANGE IN SPEED PER TIME
INTERVAL? WHAT 1S THE ACCELERATION?

5« COMPARE YOUR GRAPH WITH THE GRAPHS PREPARED BY OTHER TEAMS.
DESCRIBE AND EXPLAIN ANY SIMILARITIES AND DIFFERENCES,

6. IF THE SLOPE WAS INCREASED, WHAT WOULD BE THE EFFECT ON THE
ACCELERATION?

~
.
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MOT ION
Levev: HigH ScHooL

ACTIVITY: GrAvVITATIONAL FORCE

PROBLEM
IS GRAVITATIONAL ACCELERATION THE SAME FOR ALL FALLING BODIES RE=-
GARDLESS OF THEIR MASS?

MATERIALS

TWENTY IRON WASHERS STRING

PAPER cLIP STOP WATCH OR ANY WATCH WITH
A SWEEP SECOND HAND,

ProCEDURE:

TiE THE PAPER CLIP TO ONE END OF THE STRING AND SLIP 10 WASHERS
ONTO THE STRING., HANG THE STRING SO THAT IT IS AT LEAST A METER
LONG BETWEEN THE POINT OF SUSPENSION AND THE WASHERS. SET THE
WASHERS SWINGING AS A PENDULUM; TIME TEN PERIODS. (A PER1OD IS THE
TIME REQUIRED FOR THE WASHERS TO SWING THROUGH AN ARC AND BACK AGAIN
YO THE RELEASE POINT.) CALCULATE THE PERIOD OF THE PENDULUM. RE=~
PEAT THE EXPERIMENT BUT RELEASE THE WASHERS FROM A 21FFERENT HEIGHT
YHAN BEFORE, SLIP THE REMAINING WASHERS ONTO THE STRING AND REPEAT
THE EXPERIMENT TO DETERMINE THE PERIOD WHEN THE GREATER MASS IS USED.

OBSERVATIONS:
1. THE PERIOD OF THE PENDULUM WiTH 10 WASHERS (Triat 1)

2. THE PERIOD OF THE PENDULUM WITH 10 wAsHERs (TriaL 2)
3. THE PERIOD OF THE PENDULUM WiTH 20 WASHERs (TRiAL 1)
4. THE PERIOD OF THE PENDULUM WITH 20 wasHers (TRiaL 2)

INTERPRETATION®
1. IF THERE WERE NO FORCE OF GRAVITY, WHAT WOULD HAPPEN WHEN THE
WASHERS ARE RELEASED AT THE TOP OF THEIR SWING?

2. WHAT CAUSES THE PENDULUM TO SWING?

3. HAS THE PERIOD OF THE PENDULUM BEEN AFFECTED BY CHANGING THE
MASS?

CONTINUING THE INVESTIGATION:
VARY THE LENGTH OF THE PENDULUM AND AGAIN DETERMINE THE PERfOD.
IS THERE ANY CHANGE? IS THE PERIOD OF THE PENDULUM DIRECTLY OR
INVERSELY PROPORTIONAL TO ITS LENGTH? |F THE LENGTH IS HALVED,
HOW IS THE PERIOD AFFECTED? How LONG WOULD A PENDULUM BE, WHICH
COULD BE USED AS A TIMING DEVICE, WITH A PERIOD OF 1 SECOND?
(RECORD YOUR OBSERVATIONS IN THE SPACE AVAILABLE BELOW AND ON THE
FOLLOWING PAGE; SHOW ALL YOUR CALCULATIONS, )

How WOULD THIS INVESTIGATION TIE IN WITH THE FOLLOWING CAREERS?
A PILOT, AN AIRCRAFT DESIGNER, CONTRACTOR, SPACE TECHNOLOGY, PLUMBER,
AND AERIAL DIVER?
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PHYSICS = ENERGY = OPTICS & WAVES
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ENERGY: (LIGHT=-OPTICS)
LEveL: Juntor HigH

ACTIVITY: OBSERVING PATHWAYS of LIGHT

MATERIALS: (PER TEAM)

RULER OR STRAIGHTEDGE COIN

SMALL FLAT=SIDED CLEAR BOTTLE, WITH CAP FLAT=BOTTOMED cUP (oPAQUE)
VI TER LENSES, 2

PROCEDURE :

A, LoOK AT A COIN OR SOME OTHER SMALL OBJECT ON YOUR WORKTABLE.
YOU ARE ABLE TO SEE IT BECAUSE LIGHT FROM A SOURCE IS REFLECTED
FROM THE OBJECT TO YOUR EYE. iIN YOUR NOTEBOOK MAKE A SKETCH ‘
. SHOWING THE PATH YOU THINK LIGHT TAKES FROM THE SOURCE TO THE
OBJECT TO YOUR EYE. |
INTERPRETATIONS :

1e SUGGEST A TEST TO PROVE THAT LIGHT, MAKES IT POSSIBLE FOR YOU
TO SEE THE OBJECT.

2. DOES ALL THE LIGHT LEAVING THE COIN COME TO YOUR EYES?
EXPLAIN YOUR ANSWER,

3. DO YOU THINK THAT LIGHT FROM THE COIN FOLLOWS A STRAIGHT
PATH OR A BENT PATH AS IT TRAVELS TO YOUR EYE?

PROCEDURES ¢

B. SIGHT AT THE COIN ALONG THE EDGE OF A RULER. HAVE ONE OF
YOUR TEAMMATES V.EW THIS PROCEDURE FROM THE SIDE.

INTERPRETATIONS ¢
I, DOES THE RULER POINT DIRECTLY AT THE COIN?

. S« IS THE PATH OF LIGHT TRAVELING FROM THE COIN TO YOUR EYE A
STRA} GHT ONE?

PROCEDURES: -

C. DRAW A STRAIGHT LINE ON A PIECE OF PAPER. FILL THE SMALL

s BOTTLE WITH WATER, AND CA? IT. LAY THE BOTTLE ACROSS THE LINE.
? LooK AT THE LINE FROM SEVERAL DIFFERENT ANGLES AND POSITIONS,
»

JNTERPRETATIONS:

L
6. DESCRIBE THE APPEARANCE OF THL LINE. DOES LIGHT TROM THE

LINE FO.LOW A STRAI!GHT PATH THROUGH THE BSCTTLE AND THE AIR?

ERIC oo
P o] C :
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PROCEDURES ¢

D. PLACE A SMALL COIN IN THE CUP. PUT THE CUP ON THE DESK,
THEN SLOWLY MOVE BACK JUST FAR ENOUGH SO THAT YOU CAN NO
LONGER SEE THE COIN, REMAIN AT THIS POSITION WATCHING
THE TOP OF THE CUP WHILE ANOTHER MEMBER OF YOUR TEAM VERY
SLOWLY POURS WATER INTO IT, SIGHT AT THE COIN IN THE CuP
ALONG THE EDGE OF YOUR RULER. HAVE A TEAMMATE OBSERVE FROM
THE SIDE,

INTERPRETATIONS :
T. DESCRIBE AND EXPLAIN WHAT YOU OBSERVED IN PROCEDURE D,
8. WHAT DOES THIS TELL YOU ABOUT THE PATHWAY OF LIGHT?
PROCEDURES &
E, DARKEN THE ROOM, LEAVING GNC SHADE SLIGHTLY OPEN, STAND
NEAR THE WINDOW WIiTH A LENS AND SHEET OF PAPER. HOLD THE
LENS BETWEEN THE WIND2SW AND THE PAPER, MOVE THE ..NS BACK
AND FORTH UNTIL THE IMAGE OF AN OBJECT OUTSIDE, SUCH AS A
TREE, IS FOCUSED ON THE PAPER,
INTERPRETAT!ONS ¢
9. DESCRIBE THE APPEARANCE OF THE IMAGE ON THE PAPER.
PROCEDURES ¢
F, EXAMINE THE TWO LENSES AND DETERMINE WHICH ONE MAKES THE
PRINT ON THIS PAGE APPEAR LARGER, HOLD THE LENS OF GREATER
MAGNIFICATION NEAR YOou® £YE. HOLD THE OTHER A LITTLE FARTHER
AWAY, IN LINZ WITH THE CLOSER LENS. MOVE THE WEAKER LEN$
AWAY FROM YOU SLOWLY UNTIL YOU SEE THE IMAGE OF SOME OBJECT
IN FRONT OF YOU IN FOCUSe THIS §S THE WAY A TELESCOPE WORKS.
JNTERPRETATIONS :

10, DESCRIBE THE IMAGE OBTAINED IN PROCEDURE F.

11, IN WHAT WAYS ARE LENSES AND WATER SIMILAR IN THEIR EFFECTS
ON LIGHT?

-
o

e
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. ENERGY (LIGHT-OPTICS)
LevetL: JunNiorR HiGH & AsovE

”

ACTIVITY: ACTIVITIES wiTH LIGHT INTERFERENCE

[ MATERIALS: PART 1 = oOIL PART 2= WIRE FRAME,
s FLAT DISH SOAP
PART 3
e . 2 PIECES OF FLAT GLASS N
. MERCURY VAPOR LANP o

H

PROCEDURES : i

Te PLACE A DROP OF OIL ON THE SURFACE OF WATER CONTAINED IN
A FLAT DISH AND ALLOW THE OlL TO SPREAD OVER THE SURFACE
OF THE WATER, OBSERVE THE COLOR FRINGES THAT OCGUR WHEN
ILLUMINATED BY WHITE LIGHT (SUCH AS SUNLIGRT)e INTERFER~
ENCE BETWEEN THE WAVES OF A CERTAIN COLOR MAY ELIMINATE
. THAT COLOR FROM THE REFLECTED LIGHT SO THAY INSTEAD OF
, WHITE LIGHT BEING REFLECTED, THE EYE WiLL RECEIVE WHITE
. - LIGHT MINUS THIS CERTAIN COLORW IF BLUE LIGHT 1S ELIM~
P INATED, THEN THE COLOR REFLECTED TO THE EYE WILL APPEAR
YELLOWe IN A DARKENED ROOM TRY REFLECTING A MONOCHRO~
MATIC LIGHT FROM THE QIL Fili AND JOTC MERESULT. How
- IS IT DIFFERENT FROM THE WHITE LIGHT EXPERIMENT?

2. BLOW A SOAP BUBBLE OR ALLOW A FILM'OF SOAP SOLUTION TO
. , FORM ON A STRETCHABLE WIRE FRAME. NOTICE THE COLOR
¥ FRINGES DUE TO REFLECTION FROM THE FRONT AND REAR SUR~

—— FACES. ALSO, NOTICE THAT, AS THE FiLM THINS OUT, THE

s : COLOR TENDS TO DISAPPEAR COMPLETELY.

3. PLACE TOGETHER TWO FLAT PIECES OF GLASS, SUCH AS PLATE
GLASS, ON A LEVEL SURFACE AND ALLOW LIGHT FROM A MER~
CURY VAPOR LAMP TO BE REFLECTED FROM THE GLASS TO THE

= EYEe THERE wiLL BE ENOUGH IRREGULARITY IN THE TWO SUR=
FACES TO GIVE THE NONPARALLEL FACES NEEDED TO SHOW
INTERFERENCE. NOTE THE RESULTING FRINGES., APPLY
PRESSURE TO ONE OR THE OTHER EDGES AND NOTE ANY CHANGE
IN THE FRINGE PATTERN. ROTATE THE GLASS ON THE SURFACE
AND WATCH FOR ADDITIONAL CHANGES,
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ENERGY: OPTICS
Lever: HieH SchHooL

ACTIVITY: Tue CoLOR oF OBJECTS

PROBLEM:

THE COLOR OF ANY OBJECT WE SEE OEPENOS ON THE COLORS OF LIGHT ABSORBED
ANO REFLECTEO BY THF OBJECT, How 00 OIFFERENT COLORS OF LIGHT FALLING
ON AN OBJECT AFFECT THE COLORS WE SEE?

INVESTIGATION

A BOX WITH A VIEWING HOLE ANO A LIGHT SOCKET INTO WHICH OIFFERENT
COLOREO LIGHT BULBS CAN BE PLACEO IS ARRANGEOes THE EFFECTS OF OlFFER=
ENT COLOREO LIGHTS ON VARIOUSLY COLORED OBJEC < PLACEO IN THE BOX

ARE GIVEN IN THE TABLE BELOW,

CoLOR OF i CoLOR OF COLOR SEEN
LiGHT BULB OsJECT 8Y THE EvE
WHITE - GREEN GREEN
BLUE RED BLACK
REO GREEN { . BLACK
YELLOW WHITE { YELLOW
GREEN BLACK ) BLACK

INTERPRETATION: o 7 : :
ACCOROING TO'THE RESULTS GIVEN IN THE TABLE, MARK EACH OF THE
FOLLOWING STATEMENTS TRUE, FALSE, OR NOT PROVED IN THE SPACE PROVIOED.

1. A WHITE OBJECT IN YELLOW LIGHT REFLECTS THE YELLOW
LIGHT WAVES.

2. A GREEN OBJECT IN YELLOW LIGHT ABSORBS THE BLUE
LIGHT WAYES,

3¢ A RED OBJECT IN BLUE LIGHT REFLECTS THE REO LIGHT
WAVES .

4, A BLACK OBJECT IN WHITE LIGHT ABSORBS ALL THE LIGHT
WAVES s : .

5« A GREEN OBJECT [N REO LIGHT REFLECTS THE RED LIGHT
WAVES .

6. A BLACK OBJECT IN BLUE LIGHT ABSORBS THE BLUE LIGHT
WAVES,

7. A RED OBJECT IN GREEN LIGHT REFLECTS THE YELLOW
LIGHT WAVES.

8. A BLACK OBJECT IN GREEN LIGHT REFLECTS THE GREEN
L 1GHT WAVES.
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9. A GREEN OBJECT IN WHITE LIGHT REFLECTS THE GREEN
LIGHT WAVES.

10. A RED OBJECT IN BLUE LIGHT ABSORBS THE BLUE LIGHT
WAVES. -

APPLICATION:

e EXPLAIN WHY IT IS WISE TO EXAMINE THE COLOR OF A SUIT OR DRESS
BEING PURCHASED !N SUNLIGHT RATHER THAN UNDER THE STORE LIGHTS
IN ORDER TO SEE THE TRUE COLOR OF THE CLOTH,.

2« WHAT CAREERS WOULD NEED TO BE CONCERNED WITH VIEWING OBJECTS
OR ITEMS IN QUALITY LIGHT?

.

!
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. PHYSICS - £NERGY - ELECTRICITY
ARCHITECTS FBl AGENT
ASTRONOMER PoL  CEMAN~WOMAN
PHYsicaL CHEMIST STEWARDESSES
DenTiIST FarM CROP PRODUCTION TECHNICIAN
ENGINEERING TECHNICKAN DAIRY PRODUCTION TECHNICIAN
ENGINEER FARMING
GEOPHYSICS Fis4 CULTURE TECHNICIAN

GRoUND RAD!0 OPERATOR

MERCHANT MARINE

PHYSICIAN \d
PHYsiclsT

ELEMENTARY TEACHER
TEACHER SECONDARY=COLLEGE
TECHNICAL WRITER

_ VETER{NARIAM

X=Ray Tecunlcian t
RADIOLOGLIST

CoMpuTER OPERATORS
TELEGRAPHERS
TELEPHONER

Tower OPERATOR (Re Re)
AuTo PARTS MAN N
ButLoing CUSTODIAN
JEWELER

Racto & TY ANNOUNCER
WATCH REPAIRMAN
CENTRAL OFFICE CRAFTSMAN (TELEPHONE)
ELECTRICAL REPAIRMAN
LINEMAN

TeELEPHONE REPA IRMAN
AIRPLANE DiSPATCHER
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GASOLINE SERVICE STATION ATTENDANT
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PHoTo ENGRAVER

STAT IONARY ENGINEER
Taxt DRIVER

Truck DRIVER
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LivesTock PRODUCTION TECHNICIAN
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ENERGY: ELECTRICITY
LeEver: JunlorR HigH

‘e

ACTIVITY: How CAN RESISTANCE BE UssrpL IN ELECTRICAL APPLIANCES?

MATERIALS: 2 DRY CELLS 4" oF THICK COPPER WIRE
3 FT. INSULATED ELECTRICAL WIRE 4" OF THIN COPPER WIRE
GAS COLLECTING BOTTLE 4" oF NICHROME WIRE
- TWO=HOLE RUBBER STOPPER 4" STRAND OF PICTURE=
) SWITCH HANGING WIRE
‘g

PROCEDURE :
A, PUSH THE ENDS OF TwO ELECTRICAL WIRZS THROUGH THE Two HOLES
OF A RUBBER STOPPER THAT FITS THE GAS BOTTLE OPENING, (A
CORK STOPPER MAY BE SUBSTITUTED.,) REMOVE INSULATION FROM
THE ENDS OF THE WIRES,

—

B. CONNECT THE SWITCH AND THE TWO DRY CELLS IN SERIES,

C. TAKEoTHE SHORT PIECE OF -THIN COPPER WIRE AND TWIST IT AROUND
THE ENDS OF THE TWO WIRES YOU PUSHED THROUGH THE STOPPER.
PLACE THE STOPPER [N THE BOTTLE AND CLOSE THE SWITCH,.
’OBSERVE WHAT HAPPENS AND RECORD THE RESULTS IN THE TABLE
. BELOW.

D. RePEAT STEP C USING A THICKER PIECE OF COPPER WIREs

E. RePEAT STEP C USING ONE STRAND TAKEN FROM ORDINARY PICTURE=
HANGING WIRK

F. RePeaT STEP C USING NICHROME WIRE.

WHAT DO WE SEE?
CHECK YOUR OBSERVATION FOR EACH MATERIAL.

L

= . !
i) Dip WIRE GLow? :
MATERIAL TESTED

YES No

— b e

THICK COPPER WIRE

THIN COPPER WIRE

PICTURE WIRE

N{CHROME WIRE i

ERIC .
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WHAT 0O WE LEARN?

1« DiID THE THIN COPPER WIRE GET HOTTER THAN THE THICK COPPER
WwIRE? ExpPLAIN,

—

~

2. DIDp ALL OF THE MATERIALS TESTED GIVE THE SAME RESISTANCE?
How po yvou know?

-

3« OF THE COPPER, PICTURE WIRE, AND NICHROME, WHICH DO YOU THINK
IS THE BEST FOR WIRING A TOASTER? WHY?

4, THE THIN FILAMENT OF AN ELECTRIC LIGHT BULB MUST GET WHITE~
HOT TO GIVE (LIGHT+ SHOULD THE FILAMENT BE ONE WITH A GREAT
DEAL OR VERY LITTLE RESISTANCE?

ERIC
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ELECTRICITY
LeverL: HiGH ScHoou

’

ACTIVITY: STRENGTH OF A MAGNETIC FIELD

PROBLEM : .
A MAGNET 1S SURROUNDED BY A FIELD OF FORCE KNOWN AS A MAGNETIC
FIELD, WHAT HAPPENS TO THE STRENGTH OF THE MAGNET!C FORCE AS THE
DISTANCE FROM THE MACNET 1S lpCREAseo?

MATERIALS':

RING STAND, 2" RING STAND RING
RING STAND CLAMP U-MAGNET OR BAR MAGNET
3" GLASS MICROSCOPE SLIDES, . STEEL PAPER CLIPS
PROCEDURE : N

SUPPORT THE MAGNET WITH THE CLAMP SO THAT IT IS POSITIONED OVER
THE RING, AS SHOWN IN THE DIAGRAMs PLACE A GLASS SLIDE OVER THE
RING AND GENTLY LOWER THE MAGNET SO THAT THE END RESTS SQUARELY ON
THE SLIDE. TIGHTEN THE CLAMP TO HOLD THE MAGNET STEADY, PLACE
TWO PAPER CLIPS HOOKED END=TO=END UNDER THE SLIDE SO THAT\THEY ARE
SUPPORTED BY THE MAGNETIC FORCE, Now, CAREFULLY ADD PAPER CLEPS ONE
AT A TIME UNTIL THE WEIGHT IS TOO HEAVY TO BE SUPPORTED.  PLACE A
SECOND SLIDE ON TOP OF THE FIRST, POSITION THE MAGNET AGAIN, AND
REPEAT THE EXPERIMENT. -RECORD THE TOTAL NUMBER OF CLIPS SUPPORTED
AS THE DISTANCE 1S INCREASED 1 MM AT-A TIME (THE APPROXIMATE THICK=-

NESS OF EACH SLIDE) IN THE TABLE, . /
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OBSERVATIONS:
FiLy IN THE RESULTS OF THE EXPERIMENT IN THE TABLE BELOW,
NUMBER OF SLIDES DISTANCE FROM MAGNET NuMBER oF PAPER
IN MJLLIMETERS CLIPS SUPPORTED
1
2 T -
3 /
6 .
- ! 7 |
8 \
L 9 ~
i 10
. 11 -
{
: S
l 12 |
INTERPRETATION: )
MAKE A GRAPH SHOWING THE RELATIONSHIP BETWEEN THE DISTANCE:FROM
THE MAGNET ANO THE STRENGTH OF THE MAGNETIC FIELD.
APPLICATIONS . .
1. WHAT INDUSTRIES WOULD BE CONCERNED WITH MAGNETIC FIELDS? -
2., CAN YOU THINK OF SEVERAL OCCUPATIONS THAT WOULD NEED TO KNOW
HOW A MAGNETIC FIELD BEHAVES? .
|
i
A
oy H
<02 ‘ '
\‘1
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ELECTRICITY
LeveL: HigH ScHootL .

ACTIVITY: A RAb]b RECEI VER

PROBLEM
IF YOU HAVE EXAMINED THE INSJDE OF A RADIO RECEIVER, YOU KNOW THAT
IT APPEARS VERY COMPLICATED., HOW 1S A SIMPLE RADIO RECEJVER ASSEMBLED?

MATERIALS ¢

FINE COPPER INSULATED WIRE HEAVIER COPPER INSULATED WIRE
50 FEET OF BARE COPPER WIRE EMPTY ROUND "OATMEAL' BOX
RADIO TUNING CONBENSER GERMANIUM D!ODE CRYSTAL
WIRING CLIPS , EARPHONES .

! . PROCEDURE : . )
WiND 60 TURNS OF FINE, INSULATED WIRE AROUND THE "OATMEAL" BOX TO
MAKE AN ANTENNA COIL, FASTEN THE ENDS OF THE WIRE WITH TAPE, BUT '
LEAVE THE LEADS LONG ENOUGH TO CONNECT THE- COIL TO THE OTHER PARTS.
ASSEMBLE THE PARTS AND CONNECT THEM TOGETHER, USTING THE HEAVIER WIRE, -
; AS SHOWN. THE BANDED END OF THE DIODE CRYSTAL MUST BE ATTACHED AS
SHOWN. A 50-FOOT BARE COPPER WIRE WILL SERVE AS AN ANTENNA TO LET
YOU TUNE IN ON MOST LOCAL STATIONS BY ADJUSTING THE TUNING CONDENSER.

\

Quund . RERINTY P
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OBSERVATIONS ¢ ) - .
1, WHY IS AN ANTENNA COiL NEEDED?
2. WHAT 1S THE PURPOSE OF THE TUNING CONDENSER?™ —~ !
3
3. WHAT PART OF THE RADIO WAVE DOES THE GERMANIUM CRYSTAL SEPARATE OUT?
. ,
. 4. ON WHAT KIND OF CURRENT DOES THE EARPHONE OPERATE?
5. WHAT IS THE SOURCE OF ENERGY WHICH OPERATES THIS RADIO RECEIVER?
INTERPRETATIONY -

THE FOLLOWING STATEMENTS DESCRIBE THZ OPERATION OF A CRYgTAL.DIODE
- RECEIVER, COMPLETE EACH STATEMENT BY VRITING THE CORRECT WORD IN
THE SPACE AT THE RIGHT.

1.

B

1 v
THE SENDING STATION SENDS OUT MODULATED RADIO
WAVES WHICH CARRY A PATTERN. —

! R

2. THE RADIO WAVES WHICH FOLLOW THE CURVATURE OF .

THE EARTH ARE CALLED WAVES . -
3. THE RECELIVING . PICKS UP THE

RADIO SIGNALS MOVING THROUGH SPACE., . -
Y. THE ANTENNA COlL DETERMINES THE

OF THE RADIO WAVES THAT CAN BE RECEIVED. -
5. THE CONDENSER SEPARATES THE

SIGNALS FROM DI!FFERENT STATIONS.

»

6. THE CHANGES THE INCOMING

ALTERNATING SIGNAL INTO DIRECT CURRENT, ——
7. THE IN THE EARPHONE VIBRATES

TO PRODUCE THE SOUNDS YOU CAN HEAR, -
ApPLICATION: .
1. ALTHOUGH THIS CRYSTAL RECEIVER OPERATES WITHOUT BATTERIES, WHY

DO TRANSISTOR RECEIVERS, WHICH ALSO USE SEMICONDUCTOR CRYSTALS,

NEED A SMALL BATTERY TO OPERATE?

%

2. TODAY WITH OUR WORLD=WIDE SYSTEMS OF COMMUNICATION THERE 1S A

“

O
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GREAT NEED FOR SPECJALISTS IN RADIOS, TELEGRAPH, RADAR, TELE~

'VISlON, AND NAVIGATIONAL AIDS. WHAT OTHER RELATED CAREERS CAN

YOU THINK OF THAT WOULD NEED TO UNDERSTAND BASiIC CONCEPTS iN
RADIO? . .
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ARCHiTECTS

PHyYstcAL CHEMiST

ENGINEERING TECHNICIAN®
GEOLGGIST

MERCHANT MARINE

PHARMACIST

PHYSICIST

TEACHER SECONDARY-COLLEGE
VETERINARIAN

RADIOLOGIST

F1REMAN 4

PLuMBER & PIPE FITTER

SHEET METAL WORKER

BRAKEMAN (TRAIN)

Power PLANT OPERATOR

AGRIBUS INESS TECHNICIAN
FARMING

FisH CULTURE TECHNICIAN
Livestock ProoucTion TECHNICIAN
SoiL CONSERVATIONIST

AIR CONDITIONING & REFRIGERATION
» MECHANICS '

Auto MECHANICS

FarM EQUIPMENT MECHANIC
INDUSTRIAL MAINTENANCE MECHANIC
INSTRUMENT REPAIRMAN

WATCH REPAIRMAN

L§NEMAN

BolLER FIREMAN
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PHYSICS - ENERGY = HEAT

ASTRONAUTS

DENTIST

ENGINEER

GEOPHYSICIST
METEOROLOGIST
PHYSICIAN

ELeMENTARY TEACHER
TECHNICAL WRITER
X=RAY TECHNICIAN
BuiLoing CusTODIAN
MacHiNe TooL OPERATORS
ROOFER .
WELDER

APPRENT 1 CE ENGINEER
STATIONARY ENGINEER
AGRICULTURAL EXTENSION AGENT
FisH & WiLoLIFE TECHNICIAN
FORESTER

RANGE MANAGEMENT

SoiL SCIENTIST
AIRCRAFT MECHAN]CS®

DieseL MECHANSC
FLIGHT ENGINEER
INSTRUMENT MAKER

TV & RAD1O TECHNICIAN
INSULAT1ON WORKER
ELECTROTYPER
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ENERGY: HEAT
LEveEL: JunioR HiGH-

ACTIVITY: ExptoriNG HEAT INSULATION MATERIALS

MATERIALS:

1CE CUBES SAWDUST MEDICINE CUPS
NEWSPAPER SHREDDED PAPER SALT -
RAGS KARO SYRUP ALUMINUM FOIL
SAND SPONGE . COOKING OlL
PENCIL SHAVINGS STYROFOAM TRAYS

PrROCEDURE:

WHAT CAN YOU DO TO AN-ICE CUBE TO KEEP IT FROM MELTING? ONE
THING, OF COURSE, WOULD BE TO LEAVE IT IN A FREEZER, BUT WHERE
CAN YOU PUT IT AT ROOM TEMPERATURE (ABOUT 70°F) TO MAKE IT MELT
MORE SLOWLY THAN USUAL? How CAN YOU BUILD A GOOD ICE=CUBE KEEPER?
HERE ARE SOME INVESTIGATIONS THAT WILL HELP 'fOU FIND A WAY,

FIRST OF ALL, HOW LONG DO YOU THINK IT USUALLY TAKES AN ICE
cuse 10 MELT? IF YOu PUT AN I1CE CUBE IN A DISH, WOULD IT BE ALL
GONE IN 10 MINUTES, 30 MINUTES, OR AN HOUR? TRY ITe YOU MAY
BE SURPRISEDe

TESTING INSULATORS

MATERIALS THAT HELP KEEP THINGS CoLD {OR WARM) ARE CALLED INSU=
LATORS. MANY REFRIGERATOR WALLS CONTAIN FIBER GLASS, AN INSULATING
MATERIAL MADE FROM THIN GLASS FIBERS., STYROFOAM, ANOTHER GOOD
INSULATOR, IS USED TO MAKE PICNIC ICE CHESTS. IT IS MADE BY PUMPING
A LOT OF AIR INTO A BATCH OF LIQUID PLASTIC BEFORE IT HARDENS.

BEFORE THERE WERE REFRIGERATORS, ICE WAS USED TO KEEP FOOD COLD
IN THE KITCHEN ICEBOX, BLoCks OF ICE WERE CUT FROM LAKES IN THE
WINTER AND THEN PACKED WITH SAWDUST IN A THICK~WALLED ICE HOUSE,
THE SAWDUST WAS SUCH A GOOD INSULATOR THAT THE ICE COULD BE STORED
ALL SUMMER WITHOUT MELTING,

WHAT KIND OF INSULATION IS BEST TO USE IN AN ICE-CUBE KEEPER?
You CAN USE FIBER GLASS, STYROFOAM, NEWSPAPERS, RAGS, SAWDUST (FroM
A LUMBER YARD), OR SOMETHING ELSE. WHAT MATERIAL WILL KEEP AN ICE
CUBE LONGEST? . /

You CAN EXPERIMENT TO FIND OUT BY WRAPPING ICE CUBES IN DIFFERENT
INSULATORS. TRY TO USE THE SAME AMOUNT OF EACH MATERIAL. KEEP
A RECORD OF THE ICE=~CUBE MELTING TIMES ON A CHART. CAN YOU FIND
AN INSULATOR THAT KEEPS AN ICE CUBE LONGER THAN SAWDUST? You CAN
USE THE BEST INSULATOR FOR THE ICE~CUBE KEEPER,

<07
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{CE-CUBE MELTING TIME

INSULATOR

NEWSPAPER

RAGS

SAND

N

PENCIL SHAVINGS

HOW AN INSULATOR WORKS

AN ICE CUBE MELTS AS IT IS WARMED BY AIR OR ANYTHING ELSE TOUCHING
IT. INSULATING MATERIALS HAVE TINY POCKETS OF AIR WITHIN THEM THAT
SEPARATE THE™ICE CUBE FROM THE WARM ROOM AlR. THESE TINY POCKETS,
OR "DEAD AIR SPACE," SLOW DOWN THE MOVEMENT OF HEAT FROM THE ROOM
AIR TO THE ICE CUBE.

DoEs SHREDDED PAPER INSULATE BETTER THAN AN UNCUT PIECE? RIP
UP ONE SHEET OF NEWSPAPER INTO LONG, THIN STRIPS. PUT THE STRIPS
AROUND AN ICE CUBE, AND SHAPE THEM INTO A LITTLE BALL. TAKE A SECOND
PIECE OF NEWSPAPER, AND WRAP iT TIGHTLY AROUND ANOTHER ICE CUBEs
YOU CAN TELL WHEN THE ICE IS MELTED BY SQUEEZING THE PAPER.

SHOULD THE INSULATION IN YOUR ICE-CUBE KEEPER BE PACKED TIGHTLY
OR LEFT LOOSE?

ARE LIQUIDS GOOD INSULATORS?

PUT AN 1CE CUBE INTO A SMALL JAR OF KEROSENE OR KARO SYRUP,
DoES THE ICE TAKE LONGER TO MELT [N THF LIQUID THAN IT DOES IN THE
ROOM AIR? TRY OTHER LIQUIDS, AND SEE iF ANY OF THEM SLOW DOWN THE
MELTING OF AN ICE CuBE. DOES A CUBE MELT MORE SLOWLY IN A LARGE OR
SMALLER AMOUNT OF THE SAME L1QUID? WHAT HAPPENS TO THE MELT WATER?

« v

WHICH ONE OF TwO ICE CUBES (ONE RESTING ON A SPONGE, THE OTHER ON
A DISH) WOULD TAKE LONGER TO MELT? TRY THIS EXPERIMENT YOURSELF.

IN YOUR ICE=CUBE KEEPER, IS IT IMPORTANT TO KEEP THE ICE CUBE FROM
SITTING IN ITS MELT WATER? /
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ENERGY: HEAT
LEveL: Juntor HIGH

ACTIVITY: To -DETERMINE IF MATERIALS RELEASE ENERGY WHEN THEY
REACT WITH OXYGEN AND TO DETERMINE IF DIFFERENT
MATERJALS PRODUCE DIFFERENT AMOUNTS OF HEAT ENERGY
WHEN THEY REACT WITH OXYGEN.

MATERIALS: TEST TUBE RING STAND MARSHMALLOW
CLamp PAPER MATCH
SPLINT BURNER . CoTTON

PROCEDURE :

PrAace 10 ML OF WATER IN A TEST TUBE.

RECORD THE TEMPERATURE OF THE WATER.

BE SURE THAT THE TEST TUBE IS NOT POINTED TOWARD ANYONE,

[GNITE A WOODEN SPLINT AND QUICKLY HOLD IT WITH THE TONGS

. UNDER THE TEST TUBE, ,

KEEP ADJUSTING THE SPLINT SO THAT THE FLAME 1S UNDER THE
TUBE. AS IT STOPS BURNING, RECORD THE .TEMPERATURE
OF THE WATERe REPEAT THE PROCEDURE BUT THIS TIME
USE A STRIP OF PAPER OF THE SAME MASS AND APPROXIMATE
BHAFE AS THE WOODEN SPLINT, REPEAT THE EXPERIMENT
WITH EACH OF THE FOLLOWING:®

A SMALL MARSHMALLOW

A MATCH -

COTTON

ResuLTts:
PREPARE A TABLE FOR YOUR DATA, RECORD YOUR OBSERVATIONS,
Discussion oF RESULTS:

1. DID ALL THE BURNING MATERIALS PRODUCE THE SAME INCREASE
IN WATER TEMPERATURE? IF NOT, WHICH ONE PRODUCED THE
LEAST? THE MOST? RANK ORDER THE MATERIALS ACCORDING
TO THEIR ABILITY TO PRODUCE A CHANGE IN TEMPERATURE.

2. WHEN ANY ONE OF THE MATERIALS WAS BURNED, WAS HEAT
GIVEN OFF? WHAT 1S YOUR EVIDENCE? [s IT DIRECT OR
INDIRECT EVIDENCE?

) 3. SINCE YOU WERE SIMPLY HEATING WATER IN A FLAME, WAS
THERE ANY MATTER BEING MOVED? IF SO, WHAT AND HOW,

4, A CALORIE IS THE AMOUNT OF HEAT WHICH RAISES 1 GRAM
OF WATER 1 DEGREE CENTIGRADE. HOW MANY CALORIES WERE
PRODUCED BY EACH OF THE MATERIALS? (1 ML OF WATER
HAS AN APPROXIMATE MASS OF 1 GRAM).

Q
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ENERGY: HEAT
— e - - LEveL: Juntor-HieH - - e

ACTIVITY: Raoiant ENERGY

MATERIALS: LIGHTED LAMP ., GLASS SCREEN
REFLECTOR ; RADJOMETER
CLEAR GLASS BOTTLE FILLED WITH WATER

: BACKGROUND 4

Yoy HAVE LEARNED THAT ENERGY EXISTS IN DIFFERENT FORMS AND
CAN BE ‘CHANGED FRCM ONE FORM INTO ANOTHER, RADIANT ENERGY WILL
CAUSE THE BLADES IN A RADIOMETER, WHICH ARE BLACK ON ONE SIDE AND
SHINY ON THE OTHER, TO SPIN. [|S THE MECHANICAL ENERGY!OF THE
SPINNKNG BLADES PRODUCED BY THE LIGHT OR THE HEAT GIVEN OFF BY A
LAMP?\

AN

PROCEDUQR:

THE RADIANT ENERGY FROM A LIGHTED LAMP IS FOCUSED BY MEANS OF
A REFLECTOR ON A RADIOMETER, WHEN A PIECE OF CLEAR GLASS IS PLACED ,
BETWEEN THE LAMP AND.THE RADIOMETER, THE BLADES CONTINUE TO\SPIN. -
HOWEVER, IF A CLEAR=GLASS BOTTLE FILLED WITH WATER IS BLACED \BETWEEN
THE' LAMP AND THE RADIOMETER, THE BLADES SLOW AND STOP,

INTERPRETATJON? ] .

MARK EACH OF THE FOLLOWING STATEMENTS WHICH EXPLAIN WHAT HAPPENS
IN THE EXPERIMENT ACCORDING TO THE FOLLOWING KEY, WRITING THE LETTER
IN THE SPACE PROVIDED,

(A) AN 0BSERVATION (SOMETHING THAT IS TRUE BECAUSE IT "CAN
BE SEEN OR MEASURED IN THE EXPERIMENT)
(8) AN AssuMPTION  (SOMETHING THAT |S PROBABLY TRUE ALTHOUGH
IT CANNOT BE SEEN OR MEASURED IN THE

EXPER IMENT) ¢
(c) a concLusiOoN  (SOMETHING THAT APPEARS TO BE TRUE AS A v

RESULT OF WHAT IS LEARNED FROM THE EXPERI=

MENT )

1. THE BLADES IN THE RADIOMETER ARE BLACK ON ONE Sl\DE AND SHINY ON
THE OTHER.

2. A BLACK SURFACE ABSORBS RADIANT ENERGY BETTER THAN A SHINY

SURFACE.
3. RADIANT ENERGY IS COMPOSED OF BOTH HEAT AND LIGHT ENERGY. .
\\
. 4, CLEAR GLASS ALLOWS BOTH LIGHT AND HEAT ENERGY TO PASS THROUGH.
\CS. A CLEAR-GLASS BOTTLE FILLED WITH WATER ABSORBS THE HEAT ENERGY.,

ERI!
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"HEAT IN THE RADIANT ENERGY.

13>

AY
THE MECHANICAL ENERGY IN THE RADIOMETER iS PRODUGED BY THE _

THE AIR NEXT TO THE BLACK SIDES OF THE BLADES IS HEATED BY THE
ABSORBED ENERGY,

THE AIR MOLECULES GALN ENERGY AND MOVE AWAY FROM THE BLACK
SIDES OF THE BLADES, CAUSING THEM TO SPIN,

THE TOTAL AMOUNT OF ENERGY PRODUCED BY THE SPINNING' BLADES
1S THE SAME AS THE ABSORBED HEAT ENERGY.

10. ENERGY IS NOT CREATED OR DESTROYED IN ORDINARY CHANGES N
FORM,
APPLICATION

THE INSIDE OF A PARKED AUTOMOBILE, WHEN |T STANDS IN THE SUN

WITH THE WINDOWS ROLLED UP, BECOMES WARMER THAN THE OUTSIDE TEMPER=

ATURE.

EXPLAIN WHY TH1S "GREENHOUSE EFFECT" TAKES PLACE,




__ENERGY: _HEAT--— N
LEVEL: HIGH ScHooL

ACTIVITY: Heat Proouceb By A CANDLE

PROBLEM:

* WE HAVE LEARNED THAT AS A SUBSTANCE BURNS, HEAT ENERGY IS RELEASED,
THUS, THE AMOUNT OF THE SUBSTANCE BURNED DETERMINES THE AMOUNT OF
HEAT RELEASED, How MUCH HEAT IS PRODUCED WHEN ONE GRAM OF ORDINARY
CANDLE IS BURNED?

MATERIALS:

"CANDLE BEAKER

CENTIGRADE THERMOMETER LARGE GLASS TUBE |
WooD BLOCKS SENSITIVE LABORATORY BALANCE |

PROCEDURE :

WEIGH THE CANDLE CAREFULLY TO THE NEAREST O,1 GRAM, POUR EXACTLY
1000 MILLILITERS OF WATER IN THE BEAKER AND ARRANGE THE EQUIPMENT AS
SHOWN IN THE PICTURE, LET THE CANDLE BURN FOR FIVE MJNUTES, AND NOTE
THE TEMPERATURE OF THE WATER AT THE BEGINNING AND AT THE END OF THE
EXPERIMENT. BLOW OUT THE FLAME, AND WEIGH THE CANDLE AGAIN. REPEAT
THE EXPERIMENT AT LEAST FIVE TIMES, ENTER THE RESULTS OF EACH TRIAL
IN THE TABLE BELOW, AND FIGURE OUT THE AVERAGE NUMBER OF CALORIES OF
HEAT PRODUCED BY ONE GRAM OF THE BURNING CANDLE,

-=~-- THERMOMETER

—-+ =~ BEAKER

_ ; TV Tt AIR SPACE

. ¢ T~ GLASS TUBE
\\ P . ) /l
| ™™ BLOCK FOR VENTILATION
OBSERVAJIONS:

i \ ; —

H ]
WEIGHT OF | WEIGHT OF | Loss oF ! TeMP, oF  TEMP, ofF | INCREASE
TRIALS | CANDLE AT ; CANDLE AT - WEIGHT | WATER AT | WATER AT 1n OC
’ | BEGINNING ° Eno IN GRAMS ; BEGINNING Eno Teme,
1 |
) 2 ; :
3.
/ L ‘ - - ]
5 ! ' !

RICT £ P |




| —— | NTERPRETATION? -

13
ACCORDING TO THE RESULTS OF THE I'NVESTIGATION, CO&PLETE EACH STATE~
MENT 8Y WRITING THE CORRECT WORD IN THE SPACE PROVIDED AT THE RIGHT.

1. THE AVERAGE INCREASE IN THE TEMPERATURE OF
v THE WATER I[N FIVE TRIALS WAS + +

2. THE NUMBER OF CALORIES OF HEAT PRODUCED IN .,
EACH TRIAL 1S FOUND BY MULTIPLYING o o« »

O

3s THE AVERAGE NUMBER OF CALORIES OF HEAT PRO- .
DUCED N FIVE TRIALS WAS + o+ &

Y. THE AVERAGE NUMBER OF GRAMS OF CANDLE
BURNED IN FIVE TRIALS WAS o o o '

5,

5. THE AVERAGE NUMBER OF CALORIES OF HEAT PRO- -
DUCED BY ONE GRAM OF CANDLE BURNED WAS
ABOUT . . &

APPLICATION
\ /
1. ON THE BASIS OF THE INVESTIGATION, WRITE OUT THE, WORD FORMULA
THAT CAN BE USED TO DETERMINE HOW MANY CALORIES OF HEAT ARE
PRODUCED BY A BURNING SUBSTANCE,

2. HAVE YOU EVER DIETED? HOW ARE THESE CALORIES RELATED TO WEIGHT
GAIN OR LOSS IN US? .

3« WHAT KIND OF WORK WOULD YOU EXPECT A DIETICIAN TO DO?

ERIC .
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ENERGY: HEAT
Levet: HlgH ScHooL

ACTIVITY: HeaT StoRAGE

WE HAVE DEFINED A CALORIE AS THE sMOUNT OF ENERGY REQUIRED TO RAISE
THE TEMPERATURE OF 1 GRAM OF wATER 1°C., WATER CAN STORE HEAT ERERGY.
OTHER LIQUIDS, AS WELL AS METALS, CAN ALSO STORE HEAT ENERGY, But
DIFFERENT MATERIALS HAVE DIFFERENT CAPACITIES FOR HEAT STORAGE. THE

HEAT=STORING CAPACITY OF EQUAL WEIGHTS OF WATER AND A METAL WILL
BE COMPARED DURING THIS INVESTIGATION, BEFORE PERFORMING THE INVES=
TIGATION, PRED!ICT WHICH HAS THE GREATER HEAT=STORING CAPACITY= A

METAL OR WATER.

MATERIALS (PER TEAM):

2 STYROFOAM CUPS - GRADUATED CYLINDER
BALANCE SENSITIVE TO 1 GRAM THREAD

METAL WEIGHT PYREX BEAKER

BURNER THERMOMETER -

PROCEDURES :

A, LABEL THE STYROFOAM cups A anp B. Pour 4O ML OF TAP WATER INTO

EACH CUP,

B. UsinGg THE BALANCE, DETERMINE THE WEIGHT OF THE METAL TO THE

NEAREST GRAM, TI!E A 10-INCH LENGTH OF THREAD TO THE METAL.
WEIGH OUT AN AMOUNT OF TAP WATER EQUAL TO TnE WEIGHT OF THE

METAL.
C. PLACE THC METAL OBJECT AND WATER FROM PROCEDURE B IN A BEAKER,
AND HEAT 7O AsouT 80°C. (ALLOW THE THREAD ATTACHED TO THE 3

METAL TO HANG OVER THE EDGE OF THE BEAKER, )

D. WHEN THE TEMPERATURE OF THE WATER HAS REACHED OC"C, TRANSFER THE

METAL 70 Cup A AND POUR THE HOT WATER INTO Cup B. STIR THE CON=-
TENTS OF BOTH CUPS FOR ONE MINUTE. THEN RECORD THE WATER TEMP=-
ERATURE IN EACH cue.

LNTERPRETATIONS:

1o WHICH CONTAINS MORE HEAT ENERGY~METAL AT 800 C, OR AN EQUAL WEIGHT
oF waTeR AT 80°C?

2. USING THE KINETIC THEORY OF HEAT AND WHAT YOU HAVE LEAKRNED A80OUT

THE STRUCTURE AND BEHAVIOR OF MATTER, EXPLAIN YOU ANSWER TO [NTER~-
PRETATION 1.

3. How woUuLD KNOWING THE KINETIC THEORY OF HEAT BE USEFUL IN SOME
CAREERS? EXPLAIN.,

4, How WOULD THIS INFORMATION BE HELPFUL TO A REFRIGERATOR REPAIR~
MAN? EXPLAIN.

e
Ay
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ENERGY: HEAT
i Lever: HiGgH ScHoolL
ACTIVITY: Heat AnND MoLECULAR ATTRACTION

MATERIALS: (PER TEAM)
3 pigces oF CoTToN cLoTH (1 x 4 INcHES)  RuBBER BANDS

20-mt o1TTo FLUID (ALCOHOL) 2 BEAKERS '
3 THERMOMETERS RING STAND AND CLAMPS
PRGCEDURES ¢

A...SOAK ONE PIECE OF CLOTH IN THE DITTO FLUID; SOAK THE SECOND PIECE
" IN WATER; AND LEAVE THE THIRD PIECE DRY.

B. REMOVE THE PIECE OF CLOTH FROM THE WATER, LET IT DRIP FOR ABOUT
30 SECONDS, AND WRAP [T AROUND THE BUL® OF A THERMOMETER. REPEAY
WITH THE P1ECE OF CLOTH FROM THE DITTO FLUID, USING THE SECOND
THERMOMETER. WRAP THE DRY CLOTH AROUND THE THIRD THERMOMETER.
FASTEN EACH CLOTH WITH A STRING OR A RUBBER BAND.

Ce MOUNT THE THREE THERMOMETERS Oi% A RING STAND. READ AND RECORD
TEMPERATURES FROM EACH THERMOMETER ONCE PER MINUTE FOR FIVE
MINUTES,

INTERPRETATIONS :

le USING THE KINETIC THEORY OF HEAT, EXPLAIN THE RESULTS OF THIS
EXPERIMENT.,

2. WHAT INFORMATION DOES THIS EXPERIMENT YIELD ABOUT THE ATTRAGCTION
BETWEEN ALCOHOL MOLECULES AS COMPARED WITH THE ATTRACT!ION BETWEEN
WATER MOLECULES?

3¢ WHAT CAREERS WOULD NEED TO KNOW HOW HEAT AFFECTS MOLECULAR
BEHAVIOR? LIST BELOW,

4., WHY WwouLD A CEMENT CONTRACTOR BE INTERESTED IN HOW FAST HIS «
CEMENT SET UP? A HOT DRY DAY WOULD HAVE A DIFFERENT EFFECT ON
HIS WORK THAN A HOT HUMID DAY. WHY?

T o
~3 O
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ENERGY: HEAT
LeveL: HigH ScHooL

ACTIVITY: HEAT ofF Fusion (HOW MUCH HEAT 1S REQUIRED TO MELT ONE
GRAM OF (cCE?

A CHANGE OF STATE, SUCH AS A SOLID CHANGING TO A LIQUID OR VICE
VERSA, 1S ALWAYS ACCOMPANIED BY THE ABSORPT]OM OR THE RELEASE OF
A QUANTITY OF HEAT ENERGY. A GLASS OF WATER COOLED BY A PIECE OF
1CE NOT ONLY BEGAUSE E ICE IS COLD BUT ALSO BECAUSE HEAY IS
TAKEN FROM THE Arcﬁf:% THE 1CE MELTS. ’

PROCEDURE :

WEIGH THE EMPTYX CALORIMETER (INSIDE cAN). WEIGH IT AGAIN WHEN
iT 1S ABOUT ONE~HALY FULL OF WARM WATER (ABOUT 30°C).

WIPE DRY A PIECE\OF |CE ABOUT THE SIZE OF A WALNUT. STIR THE
WARM WATER AND RECORD |TS EXACT TEMPERATURE. [IMMEDIATELY DROP THE
PIECE OF [CE INTO THE WATER. STIR CONSTANTLY, AND IF THE TEMPERA=
TURE HAS NOT DROPPED TO ABOUT 10°C AFTER THE ICE HAS MELTED, ADD
ANOTHER SMALL PIECE OF ICE, REPEAT UNTIL A TEMPERATURE NEAR 10°C
_HAS BEEN REACHED. AS SOON AS THE LAST PIECE OF ICE MELTS, STIR
THE WATER THOROUGHLY AND READ THE THERMOMETER,

WEIGH THE CALORIMETER AND WATER TO DETERMINE THE WEIGHT OF THE
ICE WHICH HAS BEEN MELTED, .

1. WHAT SUBSTANCE (S) LOST HEAT?

2. WHAT Is THE TEMPERATURE OF ICE JUST AS IT IS MELTED?

3. THE MELTED IcE (1CE WATER) WAS HEATED TO WHAT TEMPERATURE?
'4. THE HEAT LOST BY THE WARM WATER ACCOMPLISHED WHAT TWO THINGS?

MAKE.ALL THE CALCULATIONS REQUIRED IN THE DATA.

DATA

J

VEIGHT OF CALORIMETER

WEIGHT OF CALORIMETER AND WATER

WEIGHT OF WATER ,

WATER EQUIVALENT OF CALORIMETER (0.1 X
WE [GHT OF CALORIMETER)

INITIAL TEMPERATURE OF WATER AND CALORIMETER

TEMPERATURE OF WATER AND MELTED ICE

WEIGHT- OF CALORIMETER, WATER, AND MELTED ICE

e-mte of cmmlbim cu Lo
|

WEIGHT OF ICE

CALCULATION OF HEAT LOSS

WEIGHT OF WATER PLUS WATER EQUIVALENT OF
CALORIMETER

e

CHANGE IN TEMPERATURE OF WATER AND CALORIMETER

_HEAT LOST BY WATER AND CALORIMETER

™
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/—\\l ¢
HEAT LOST BY THE WARM AND EQUALS
THE HEAT REQUIRED TO A THE ICE PLUS THE HEAT RE=
QUIRED TO RAISE THE TEMPERATURE OF THE ICE WATER FROM oc
T0 oc
CALCULAT|ON. OF HEAT GAINED
| WEIGHT OF ICE WATER | G
CHANGE IN TEMPERATURE OF ICE WATER . O¢
HEAT ABSORBED BY THE ICE WATER IN WARMING e . i
TO FINAL TEMPERATURE  ~ T | CAL;
! HEAT ABSORBED WHICH MUST HAVE MELTED THE ICE CcAL
WEIGHT OF 1CE i G
HEAT USED TO MELT | G OF ICE (HEAT OF
FUSION OF ICE)  ° CAL
ACCEPTED VALUE ; ' CAL
PERCENTAGE OF ERROR : %

Di
1.

SCUSSION:
EXPLAIN THE MEANING OF THE STATEMENT THAT THE HEAT OF FUSION OF
1ce 1s 80 caL

2. WHICH REQUIRES MORE HEAT TO RAISE TO A TEMPERATURE Of 20°C, 10

G ofF ICE 4T 0°C, orR 10 G OF [CE WATER AT 09C?

WHICH WOULD BE MORE EFFECTIVE IN AN ICEBOX, ICE OR [GCE=COLD
BRICKS? -

ExPLAIN,

: -
A

How MANY CALORIES OF HEAT WILL BE REQUIRED TO MELT 300 ¢ OF 1CE

AT 0°C AND TO HEAT THE ICE WATER FORMED To 40°C?

Ans.

WHAT SOURCES OF ERROR ARE THERE IN YOUR DETERMINATION?

WHAT CAREERS WOULD FIND THIS INFORMATION USEFUL?

How woULD AN ENGINEER USE THIS LAB?‘ How ABOUT A HEATING TECHNICIAN?

0 !
L8
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ENERGY: HEAT
Lever: HigH ScHooL

3

ACTIVITY: CoerFicIENT OF LINEAR ExpanstoN (How cAN THE COEFFICIENT
OF LINEAR EXPANSION BE MEASURED?

NEARLY ALL SUBSTANCES EXPAND WITH RISE IN TEMPERATURE, THE AMOUNT
OF EXPANSION PER DEGREE DEPENDING UPON THE TYPE OF SUBSTANCE. THis
RATE OF EXEAE§ION IN LENGTH 1S KNOWN AS THE COEFFIC!ENT OF LINEAR

EXPANSION,
ProcEDURE :

THERE ARE MARY VARIETIES OF APPARATUS FOR FINDING THE COEFF|= .
CIENT OF LINEAR EXPANSION, BUT MOST OF THE VARIATION OCCURS I[N THE R

DEVICE WHICH MEASURES THE CHANGE IN LENGTH OF THE ROD, THE DEVICE ;

SHOWN IN THE DIAGRAM CONSISTS OF A BENT LEVER ABC, As THE ROD

EXPANDS, IT PUSHES AGAINST C AND RAlsSes A. THE MOVEMENT of C Is

MULTLPLIED AS MANY TIMES AS THE SHORT ARM IS CONTAINED IN THE LONG
| ARM. ' MEASURE THE LEVER ARMS OF AB AND BC AND RECORD THEIR RATIO,

CALL THIS THE MULTIPLYING FACTOR OF THE LEVER,

1. WHAT 1S MEANT BY THE COEFFICIENT OF LINEAR EXPANSION? .

‘|T CAN BE FOUND BY USE OF THE FORMULA,

K = E
LTy =Ty ) -~

WHERE K IS THE COEFFICIENT OF EXPANSION, E IS THE AMOUNT OF EXPAN~
SIONy L IS THE LENGTH AT THE BEGINNING, Tj: 1S THE TEMPERATURE AT THE
BEGINNING, AND TP IS THE FINAL TEMPERATURES

FILL THE STEAM BOILER TWO=THIRDS FULL OF WATER AND HEAT OVER A
BURNER. WHILE IT IS HEATING, REMOVE THE METAL ROD AND MEASURE TS
LENGTH. REPLACE THE METAL ROD AND RECORD THE READING OF THE POINTER
ON THE SCALE. {NSERT THE THERMOMETER INTO THE STOPPER PROVIDED IN
THE APPARATUS AND READ THE INITIAL TEMPERATURE OF THE ROD. ConNECT
THE STEAM BOILER TO THE TUBE BY MEANS OF A RUBBER HOSE AND ALLOW
STEAM TO RUN THROUGH IT UNTIL THE POINTER SHOWS NO FURTHER CHANGE. »

READ THE THERMOMETER AND THE POSITION OF THE POINTER ON'.THE
VERTICAL SCALE,.

2. FROM THE MOVEMENT OF A, HOW CAN YOU COMPUTE THE AMOUNT THE ROD
HAS EXPANDED?

ERIC
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DATA
LENGTH L*OF ROD ) i ) Ml ow
INITIAL READING OF POINTER : CM }
FINAL READING OF POINTER 5 ) CM
MULTIPLYING FACTOR OF LEVER i -
" TOTAL EXPANSION E cM

INITIAL TEMPERATURE T C |«

~ FINAL TEMPERATURE T, : ! . C
DIFFERENCE IN TEMPERATURE P ! c
COEFFICIENT OF LINEAR EXPANSION PER o

DEGREE CENTIGRADE ) ¢ -

Discussion:
e WHAT ARE THE POSSIBLE SOURCES OF ERROR [N THIS. EXPERIMENT?

‘Q\ -

.

2. H‘Qw COULD THE MULTIPLY|NG FACTOR OF THE BENT LEVER BE INCREASED?

v, . k)

VR

)

. 3. THE COEFFICIENT OF LINEAR EXPANSION OF COPPER IS, {0.0000168. How
MUCH, IN INCHES, witt A WIRE 5C0 FT LoNG EXPAND”IF ITS TEMPERATURE
cHANGES FrRoM 15°C To 40°C?

Ans,

4. DIp YOU KNOW THAT ASPHALT=COMPOSITION STRIPS ARE INSERTED IN
CONCRETE HIWAYS TO ALLOW FOR EXPANS|OM AND CONTRACTION OF THE
CONCRETE CARRLED BY TEMPERATURE CHANGES9 WHY WOULD A CONTRAC~
TOR NEED TO KNOW THIS?

! e LIST SOME OTHER CAREERS WHERE THIS INFORMATION WOULD BE HELPFUL.

Py
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CHEMICAL ENERGY
\

How MAY ELECTRICAL ENERGY BE CHANGED TO CHEM| CAL ENERGY,

\

WE HAVE SEEN HOW CHEMICAL CHANGES CAN PRODUCE ELECTRICAL ENERGY,
CaN WE REVERSE THE PROCESS AND USE ELECTRICAL ENERGY TO PROOUCE CHEMI =
CAL CHANGES? WHAT USEFUL CHEM|CAL CHANGES CAN WE ERING ABOUT?

P

e <" LEAD SHEETS
YN CARBON - |
| COPPER_{, ~
,/5 ‘7 I

:;|~SULFURIC ACID
Sl BLASS AR
=1 Wnobp SEPARATOR

How 1S A STORAGE BATTERY MADE?
ExPERIMENT 1t STEP 1., ASSEMBLE THE SIMPLE STORAGE CELL SHOWN N THE
PICTURE., BEFORE CHARGING IT WITH THE DORY CELLS, CONNECT T TO AN
ELECTRIC LIGHT BULB.,

¥

DoEs THE BYLB LIGHT? STEP 2. REMOVE THE BULB AND CONNECT TWO ORY
CELLS TO THE STORAGE CELL AS SHOWN. AFTER THE CELL HAS BEEN CHARGING
FOR ABOYY 5 MINUTES, DISCONNECT THE DRY CELLS AND RETCONNECY THE BULB.

Does THE BULB LIGHT? SYEP 3. REMOVE THE PUATES FROM Taé SOLUTION
AND NOTE THEIR COLORS. HOw DO THEY DIFFER.

THe SYRFACE OF ONE OF THE TWd® FLATES HAS™BEEN CHANGED INTO A NEW SUB-~
STANCE, LEAD PEROXIDE., WAS THIS A PHYSICAL OR CHEMICAL CHANGE?

CONCLYSIONS; BEFORE CHARGING, THE CELL couLQ NOT PRODUCE A CYRRENT
oF ELECTRICITY BECAUSE THE PLATES WERE "o AFTER CMARGING,
YHE CELL COULD PRODUCE A CURRENT OF ELECTRICITY BECAUSE BRE PLATES
WERL , AND ONE WAS ACTED UPON BY THE ACID,

How 1S ELECTROPLATING DONE?

USING A COPPER-PLATING TANK SET UP, CONNECY A CLEAN CARBON ROD TO THE
W(RE FROM THE NEGAT]VE TERMINAL OF THE BATTERY. ATTACH THE WIRE FROM
THE POSITIVE TERMINAL TO THE COPPER PLATE. AFTER THE CURRENT HAS

FLOWED FOR ABOUT THREE MINUTES, REMOVE THE CARBON ROD AND EXAMINE IT.

OBSERVAT LONY
REPLACE- THE CARBON ROD AND REVERSE THE DIRECTION OF THE CURRENT

FOR SEVERAL MINUTES.

Resurre ) .

THERE ARL NANY CAREERS THAT APPLY YO THESE ACTIVITIES, CAN YOU NAME
SEVERAL.

. 222
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CHEMICAL ENERGY
Lever: Hion ScHoot

ACTIVITY: THE Vowtatc CELL

PROBLEM

VHAY MATERIALS ARE ESSENTIAL FOR A SIMPLE VOLTAIC CELL? VYE ARE 70 SYUDY
THE CHEMICAL ACTION WHICH 1S ESSENTIAL IN A PRIMARY CELL. ARE TNERE
LIMITATIONS TO THE MATERIALS USED, OR CAil ANY METALS AND ANY SOLUTION BE

useo?

MATERIALS®
BATTERY JAR OR LARGE GLASS TUMBLER COPPER CCNNECTING WIRE
PORCELAIN ELECTRODE HOLDER SOLUTIONS OF SULFURIC ACID,
D-c voLTHETER (0-3 voLT RANGE) HYDROCHLORIC ACID, SODIUM

ELECTRODES OF COPPER, COMMERCIAL ZINC, CHLORIDE AND SODJUM CARBONATE
ZINC AMALGAM, CARBON, LEAD AND
ALUMINUIM

PROCEDURE ©
A, Cuemicat AcTion 1N THE CELL
FILL A TUMBLER ABOUT TWO-PHIRDS FULL OF SYLFURIC AClD. (Do nov
SPILL THE ACID ON YOUR HANDS OR CLOTHING.) DIP A STRIP OF COPPRER
INTO THE ACID.
1. IS THERE EVIBENCE OF CHEMICAL ACTIONT

\ \
’ REMOVE THE COPPER AND IMMERSE THE COMMERCIAL ZINC,

2¢ VAT DO YOU OBSERVE? -

3¢ WHLCH HETAL 1S APPARENTLY ACTED UPON TO A GREATER OEGREE BY
THE ACID?2

COMMERCIAL ZINC CONTAINS MANY IMPURITIES, SUCH AS IRON AND CAREON.

‘ WHEN THE Z1iC IS PLACED IN ACID, THERE ARE SET YP SMALL CURRENTS
BETWEEN THESE IMPURITIES AND THE 2INC., THE ZINC §S THUS CONSUMED
EVEN WHEN THE CELL 1S HOT 1i4 USE., THIS DEFEGCY OF PHE GELL IS
CALLED LOCAL ACTION.

REMOVE THE COMMERCIAL=ZINC STRIP FROM THE ACID AND SMMERSE AN
AMALGAMATED ZINC STRIP {ZINC COVERED UITH MERCURY), HANDLE THIS
STRIP CAREFULLY, BECAUSE |IT BREAKS EASILY,

4, Hou DoCS THE ACTION COMPARE UITH THAT OF THE COMMERCIAY ZINC?

PLACE THE AMALGAMATED ZINC AND THE COPPER STRIPS IN THE ACID,

Do NOT LET THEM TOuCH. COHNECT THE OUTER ENDS OF THE STRJPS TO~
GETHER BY MEAKS OF A SHORT COPPER WIRE. VWATCH THE ACTION il

THE CELL.,

qsﬂ
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5. VIHAT DO YOU OBSERVE?

THE CHEMICAL ACTION IN THE CELL HAS DEVELOPED AN ELECTROMOTIVE
FORCE, OR DIFFERENCE IN POTENTIAL, BETWEEN THE TWO METAL STRIPS,.
IT 1S THIS POTENTIAL DIFFERENCE WHICH CAUSES A CURRENT TO FLQW
THROUGH A CONDUCTOR CONNECTED TO THE TWwO METALS.

FACTORS DETERMINING THE NATURE OF THE EMF

REMOVE THE SHORT WIRE CONNECTING THE TWO PLATES AND D4SLODGE

ANY BUBBLES ON THE PLATES. CONNECT THE PLATES TO A VOLTMETER,
CONNECTING THE COPPER PLATE TO THE POSITIVE TERMINAL AND THE
ZINC TO THE NEGATIVE TERMINAL OF THE VOLTHMETER. READ THE EMF
WHEN THE PLATES ARE INSFRPED ABOUT & cM IN THE ACID. RAISE

THE PLATES UNTIL ABOUT 3 CM REMAINS IN THE ACIO. READ THE ¥
VOLTMETER. FINALLY, RECORD THE EMF WHEN ABOUT 1 CM OF THE
PLATES IS IN THE ACID.

6. How IS THE EMF AFFECTED BY THE AREA OF THE PLATE EXPOSED
10 THE ACiQ?

INSERT THE PLATES FULL LENGTH AGAIN AND READ THE VOLPMETVER WHEN
THEY ARE SEPARATED AS FAR AS THE TUMBLER ALLOWS. MOVE THEM
UNTIL THEY ARE ABOUT 1 CM APART AND RECORD THE EMF.

7. VIHAT EFFECT ON THE EMF HAS THE DJSTANCE BETWEEN THE
PLATEST

USING ZINC AND COPPER P.ATES, RECORD THE EMF WHEN THE ACID IS
REPLACEO BY DIFFERENT LIQUIDS, SUCH AS SALY SOLUTION, HYORO=
CHLORIDE ACID, SODIUM CARBONATE SOLUTION, AND TAP WATER, Rinse
THE TUMBLER AND THE PLATES EACH TIME BEFORE USING A D¢FFERENY
LiQuID,

8. \/HICH SOLUTION GIVES THE GREATEST EMF?

Use THE FOLLOWING COMBINATIONS OF ELECTRODES {N SULFURIC ACID
AND RECORD THE EMF FOR EACH PAIR: COPPER=ZINC, COPPER=CARBON,"
ALUMINUM=Z1NC, ALUMINUM=LEAD, LEAD=COPPER. CARE MUST 8E TAKEN
TO HAVE THE POSITIVE STRIP CONNECTED TO THE POSITIVE TERMINAL
UF THE VOLTMETER. IF THE NERDLE 1S DEFLECTED IN THE OPPOSITE
DIRECTION, DISCONNECT AT ONCE AND REVERSE THE CONNECTIONS, RE~
CORD THE POSITIVE AND NEGATIVE ELECTRODE FOR EACM COMBINATION.

234
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DATA /?7(4)
PosiTioit OF PLATES] Emr {voLTS) ELECTROLYTES Evr {vorTs)
IMuERSED 6 cit SALT )
H
IMMERSED 3 ¢ HYDROCHLORIC ACID
| IMMERSED 1 ¢ - . 1S001UM CARBONATE B
SEPARATED 1 TaP WATER ]
CLosE o _ | _
ELECTRODES
TRIAL POSITIVE METAL NEGATIVE METAL Emr (voLts)
1
2
3
Y
)

A DISCUSSION

1. VHAT ARE THE ESSENTIAL REQUIREMENTS FOR ANY CELL?

2. VIHAT 1S MEANT ©Y THE ELECTROMOTIVE FORCE OF A CELL?

3. SUMMARIXE IN A STATEMENT THE FACTORS THAT AFFECT THE SI2E OF THE

EMF OF A CELL?

Yo \HICH WILL GIVEC A HIGHER EMF, A LARGE DRY CELL OR A SMALL FLASHLIGHT

ceeL?

T
o
7

/
5. WHAT CAREERS WOULD NEED TO KNOU HOW A BATTERY FUNCTIONS?

6. THERE ARE MANY OTHER EXAMPLES OF SPECIAL BATTERIES. CAN YOU RECALL

Q THEM AND THEIR sg;gjrtc USES TODAY?
Y}

ERIC S P ‘~




CHEMICAL ENERGY (e)
LEveL: Hicos School
ACTIVITY: RerFininGg O

PROBLEM:

PETROLEUM OiL 1S A SOURCE OF“MANY USEFUL CHEMICAL COMPJUUNDS FOR THE
HOME, AGRICULTURC, AND INDUSTRY. HOu ARE THE VARIOUS SUBSYANCES NEEDED
TO PREPARE THESE COMPOUNDS SEPARATED FROM THE CRUDE OIL?

MATERIALS ¢
Two ONE~INCH PYREX TEST TUBES RING STAND AND CLAMPS
STOPPERS MINERAL OiL
BEAKERS FINE STEEL woOL
TWO BUNSEN BURNERS SHMALL DiSH

GLASS TUBING

PROCEDURE :

POUR A SMALL QUANTITY OF MINERAL OIL IN ONE TEST TUBE AND PACK SOME STEEL
WOOL LOOSELY INTO THE TUBE ABOVE THE OiL BUT nOT TOUCHING THE LIQUID.,
ARRANGE THE EQUIPMENT, AS SHOWN IN F1G, 23, (CAUTION: THE OUTLET TUBE
SHOULD EMPTY INTO A BEAKER PLACED AWAY FROM THE FLAMES.) PLACE ONE BURN=
ER UNDER THE TUBE CONTAINING THE OfL AND HEAT WITH A SMALL FLAME. ALSO -
HEAT THE STEEL WOOL $N THE TUBE BY HOVING THE OTHER BURNER UP AND DOUN

ALONG THE SIDE OF THE TUBE. GRADUALLY INCREASE THE HEAT OF BOTH BURNERS

UNTIL THE OIL BEGINS TO BOIL. KEEP ON HEAYTING UNTIL A LIQUID BEGINS TO

DRIP OUT OF THE OUTLET TUBE INTO THE RECE{VING BEAKER,

Yy \\, . y" \
7 i\%i}}l
19942
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. OBSERVATIONS ;?c[)

1. WHAT 1S GIVEN OFF WHEN THE OiL BEGINS TO BOIL?

2. V/HAT HAPPENS 7O THIS SUBSTANCE?

3+ WHAT IS DEPOSITED IN THE BEAKER?

h. DESCRIBE THE SMELL OF THIS SUBSTANCE

5. PLACE A FEw DROPS IN A DISH AND TRY TO LIGHT THE -LIOUID,

WiLL 1T BURN?

INTERPRETATION

FiLL IN THE BLANK WORDS IN THE FOLLOWING PARAGRAPH IN THE NUMBERED.
SPACES TO THE RIGHT.

THE THICK, CRUDE OIL OBTAINED FROM THE 1

GROUND 15 kNowN AS (1). THis o1l must BE (2)

IN ORDER TO O0BTAIN THE USEFUL PRODUCTS. THIS IS

USUALLY 0ONE BY (3) THE OIL TO A HIGH TEMPERATURE.

THE STEEL WOOL IN THE EXPERIMENT HELPED CHANGE THE

(4) civen oFF INTo A siMPLE ForM oF (5). In aDDI-
A TION TO FUELS, OTHER USEFUL PRODUCTS OBTAINED FROM

peTroLEUM incLubE (6), (7)), (8), (9), ano (10).

L%} & W n
*

10

ApPLicATION

1. EXPLAIN HOW VARIOUS LIQUID PRODUCTS ARE OBTAINED FROM PETROLEUM BY
FRACTION DISTILLATION, '

2. YHATY CAREERS WOULD FIND THIS ACTIVITY USEFUL? LisT,

tric
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CHEMICAL ENERGY 77 7 /

Lever:  HicH ScwooL

ACTIVITY: 'Hov A2€ -OTHER Hov GasEs Usep vo Tmansrem EnerGY?

ProBLEN:

STEAM ENGINES ARE LARGE AND MEAVY. BESIDES, THEY NEEO A PURNACE, &
B0ILER, AND A SUPPLY OF WATER TO PROVIDF T#E STTAM WHICH OPERATES
THEM. THINK OF THE SAVING ¢N SPACE AND WEIGHT IF WE COULD PRODUCE A
HOT GAS RIGHT INSIOE THE ENGINE CYLINDER! THAT IS JUST WHAT WE DO IN
GASOLINE, DIESEL AND JUET PROPULSION ENGINES.

i
Qe

A. How Do GasoLINE Ano DicseL EncGINES OPERAYE?

SET UP THE APPARATUS AS SHOWN IN THE DIAGRAM BELOV,
ADD GASOLINE OR PETROLEUM ETNER | OROP AT A TINE,
TRAYING DIFFERENT AMOUNTS FROM 1 TO 1%5 pROPS. Bt
SURE TO ALLOW THE FUEL TO EVAPORATE BEFORE YOU
CLOSE THME BATTERY CIRCUIT,

e o

s YL sveser
4 srovpke rysH BUTTON
i - (] 1
- ’ ﬂ'-&\\\
N 2
- !‘ cnIns GAA
'y
. RN EPE

D~ )

N

b - AN e con

) ; ‘_ . -
o ...‘i ‘.,.,_ U § THATTERIES

1. (&) THE SHARPESY EXPLOSION TOOK PLACE WITH OROPS,

(s) Ymen we useo DROPS OR MORE, THERE VA3 NO EXPLOSION
BECAUSE THERE WA§ TOO MUCH AND pOY
ENOUGH

{c) Tuc amon pirc comnesromds 7O THE

oF THL :'am;’ 'l IHE RUBBER STOPPER 7O THE .

<8

¢

[Eos
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* 6.

S \/7//7 ..
TUDY THE DIAGRAM OF THE GASOLINE ENGINE. %)
[S%3

(A) VHAT PART OF THE GASOLINE ENGINE (NOT SHOWN IN THE DIAGRAM)
MEASURES AHD MIXES THE FUEL AND A$R MIXTURE? .

(8) WiHicH vALVE 15 CLl0SED DURING THE INTAKE STROKE?

f

i

(c) WHICH VALVE 1% CLOSED DURING THE EXHAUST STROKE? .

(0) DURING WHICH STROKES ARE BOTH VALVES CLOSED?
AND

{A) DURING THE COMPRESSION STROKE, THE PISTON MOVES UP==DOWN.

(8) DurInG THE 1GNITION OR “POUER" STROKE, THE PISTON MOVES
UP—DOWN,

(c) DURING WHICH STROKE IS POWER DELIVERED BY THE ENGINE?

WHY 1S A HEAVY FLYWHEEL NEEDED WITH THIS TYPE OF ENGINE?

(A) How 1s THE FUEL SGNITED IN A DIESEL ENGINE?

(B) IN WHICH ENGINE, GASOLINE OR DIESEL, 1S THE COMPRESSION GREATER?

{¢c) WHicH ENGINE, THEREFORE, MUST HAVE THICKER AND HEAVIER CYLINDER
waLLS?

(p) WHAT FUEL 1S USUALLY BURNED BY THE DIESEL ENGINE?

() How DO THE STROKES Of THE DIESEL ENGINE COMPARE WITH THOSE OF
THE GASOLINE .ENGINE?

(F) Give oNE DISADVANTAGE OF A DIESEL ENGINME.

(G) NAME TWO KIUDS OF TRANSPORTATION 1ty WHICH DIESEL ENGINES ARE
WIDELY USED,

(1)
(2)

\/HAT CAREERS DOES THIS ACTIVITY RELATE T0O?

gIntdre-saive SL0TX oiug

B BRI crlinder ~ul
INTANE ' COMPRESSION
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NUCLEAR ENERGY
Lever: HigH Scuoot

ACTIVITY: Gc Map WiTtH PoweRr

WHEN & CAR IS PUSHED' DOWN THE STREET, FORCE ACTS OVER A DISTANCE,
AND WORK IS DONE. WORK CAN TAKE MANY FORMS, WE SPENT SOME TIME
LEARNING HOW SIMPLE MACHINES COULD MAKE WORK EASIER. WE FOUND THAT
DIFFERENT KIND3 OF MATTER ACTING TOGETHER PRODUCE ENERGY. MosT of
OUR ENGINES RUN BY BURNING FUEL WITH AlR.

ARE WE REALLY D{GGING DEEP ENOUGH? THE ENERGY WE HAVE TALKED ABOUT
SO FAR COMES FROM CHEMICAL REACTIONS. ATOMS FORM NEW COMBINATIONS
IN CHEMICAL REACTIONS., BUT CHEMICAL REACTIONS ARE NOT EHOUGH TO
ACCOUNT FOR ALL THE ENERGY THAY {S PRODUCED IN OUR unnifasc.

PROCEDURES : TS
A. A PicTure oF Heat?
1. |F CHEMICAL ENERGY ISN'T ENOUGH, WHERE COULD THE REST COME
FROM? v

LET'S USE A PIECE OF EQU}PNENT MOST PEOPLE HAVE SEEN AROUND A
LONG TIME: A PIECE OF PHOTOGRAPHIC FiLM, h X 5 IN A BLACK ENVELOPE,

2. WHAT FORM OF ENERGY |S USUALLY USED WITH FILM?

LET'S TEST TO SEE IF THE FILM REACTS WITH OTEER FORMS OF ENERGY.
UsE A PIECE OF CHALK TO MARK OFF TWO. AREAS ON THE FILM WRAPPER.
TAPE THE RADIOACTIVE SPECIMEN TO A SPOT ON ONE SIDE OF THE CHALK
LINE, LEAVE IT THERE OVERNIGHT OR LONGER,

WHEN YOU REMOVE THE/SPECIMEN, USE THE OTHER PART OF THE FILM
TO TEST WITH HEAT. USE A FLAME TO HEAT THE HEAD OF A 5=INCH SPIKE
HOT ENOUGH TO MAKE A BROWN MARK ON THIN CARDBOARD WITHOUT MAKING
VERY MUCH SMOKE, Pur A PIECE OF CARDBOARD OVER THE UNUSED HALF OF
YOUR FILM PACK. PRESS THE HOT SPIKE'S HEAD DOWN ONTO THE CARDBOARD,
WITH THE FILM PACK UNDERNEATH. HoLD IT THERE ABOUT 10~15 SECONDS,
LONG ENOUGH TO MAKE A BROWN MARX ON THE CARDBOARD.

AT ALL TIMES, HANDLE THAT HOT SPIKE WITH CARE! IT STAYS HOT
QUITE SOME TIME,

Now DEVELOP YOUR FILM PACK ACCORDING TO THE DIRECTIONS GIVENM
IN CLASS.

3. WHAT DO YOU SEE? .

4, How DID HEAT ENERGY AFFECT THE FItM?

LN

5. HOW DID ENERGY FROM THE RADIOACTIVE SPECIMEN AFFECT THE FILM?

&
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NUCLEAR ENERGY '
LeveL ¢/ HicH ScHooy

ACTIVITY: " INTENSITY OF RADIATJONS

PROBLEM:

ALB)RADIOACTIVE SUBSTANCES GiVE\OFF RADIAT{ONS WHICH TRAVEL FROM
THE SOURCE IN ALL DIRECTIONS, WHAT HAPPENS TO THE INTENSITY OF THE
RADIATIONS AS THEY MOVE AWAY FROM THE SOURCE?

INVESTiGATIONS N

AN ELECTROSCOPE, WHICH DETECTS RADIATION BY DISCHARGING THE
ELECTRIC CHARGE IN ITS LEAVES, IS PLACED AT VARIOUS DISTANCES FROM
A PIECE OF RADIOACTIVE MATERIAL SUSPENDED. THE TIME IT TAKES FOR
THE FULLY CHARGED ELECTROSCOPE TO DISCHARGE AT EACH DISTANCE IS
MEASURED WITH A TIMER OR WATCH. THE TIMES AND DISTANCES CAN BE
SHOWN IN A CHART LIKE THE ONE BELOW.

T 5
!
M 10
E
15 L
I
N 20
M 25
i
N 30
U
T 35
3
S 4o I, 4 i L | L - 5
1 -3y 5 6 1 8; 9 10
e DISTANCE IN CENTIMETERS /

INTERPRETATION:
FILL IN THE BLANK WORDS IN THE FOLLOWING PARAGRAPH IN THE NUMBERED

SPACES AT THE RIGHT.

-

RADIATIONS PRODUCED BY A RADIOACTIVE SUBSTANCE
ARE OF THREE TYPES. THE NEGATIVELY CHARGED PARTI-
CLES ARE LLECTRONS AND ARE CALLED (1). THE Posi-
TIVELY CHARGED PARTICLES ARE HELIUM NUCLE! AND ARE 3---oo-o-oo-ooo-oo-
cALLED (2). THE THIRD TYPE OF RADIATION, SIMILAR M
To X RAYS, IS CALLED (3). AS THESE PARTICLES AND
RAYS TRAVEL THROUGH THE AIR, THEY CAUSE THE ATOMS D
IN THE AIR TO LOSE OR GAIN (}) ano sEcome (5). Beerorenconenronces
1
8

100..'."""."'.'.

200.0.0.'0.""'000

THIS PROCESS, KNOWN AS (6), CAN BE DETECTED WiTH
AN ELECTROSCOPE; AND THE RATE OF DISCHARGE IS AN
INDICATION OF THE (7) OF THE RADIATIONS, ACCORD= ceveccesecsebeeses
ING TO THE CHART, THE FARTHER AWAY THE ELECTROSCOPE .
IS FROM THE SOURCE, THE (8) THE RATE OF DISCHARGE. !

ol 232
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THiS SHOWS US THAT AS THE DISTANCE FROM THE SOURCE 900.0000.0000.00000
(9), THE INTENSITY OF THE RAD!ATIONS (10).

100.......0.0.....00

APPLICATION:

EXPLAIN WHY SCIENTISTS, STUDYING THE RESULTS OF ATOMIC BOMB

TESTS,PLACE AUTOMATIC RADIATION DETECTORS AT DIFFERENT DISTANCES
FROM THE CENTER OF THE EXPLOSION,

\
\

\‘
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ENERGY (SOUND)
LeEvEL: Junior HiIGH

ACTIVITY: ACTIVITIES WITH SOUND WAVES AND RESONANCE

MATERIALS: {PART 1) (PaRT 2)
TUNING FORKS 2 TUNING FORKS (SAME)
RESONATING BOXES RuBBER BAND
PING PONG BALL MALLET
THREAD

RUBBER MALLET

(rarT 3)
TALL GRADUATED CYLINDER
TUNENG FORK
SHEET OF PAPER

PRocEDURES: (PART 1)

1. THE PHENOMONEN OF RESONANCE CAN BE EASILY DEMONSTRATED BY
USING TWO TUNING FORKS OF THE SAME FREQUE-:CY MOUNTED ON
RESONATING BOXES, PLACE THE MOUNTED FORKS 2 FEET APART
SO THAT THE OPEN ENDS OF THE BOXES FACE EACH OTHER, Sus~
PEND A PING PONG BALD BY MEANS OF A THREAD AND PIECE OF
TAPE SO THAT IT RESTS' AGAINST THE TIP OF ONE OF THE FORKSe
WITH A RUBBER MALLET (QUBBER STUPPER ON A PENCIL) STRIKE
THE OTHER FORK AND NOTE\ WHAT HAPPENS TO THE PING PONG BALL.

WIiTH THE BALL REMOVED.STRIKE ONE FORK, STOP ITS VIBRAe®
TION WITH YOUR HAND, AND LISTEN, THIS CAN BE REPEATED
WITH VARIOUS DISTANCES BETWEEN THE FORKS. ORDINARY UNMOUNTED
FORKS WILL WORK BUT MUST BE HELD CLOSE TO THE EAR TO HEAR
RESONANCE,

(PaRT 2)

2. UsING THE SAME TWC FORKS A BEAT NOTE CAN BE PRODUCED.
SOUND BOTH FORKS AT THE SAME TIME BY STRIKING THEMe THERE
SHOULD BE A NOTE OF CONSTANT PITCH GRADUALLY DYING AWAY
IN INTENSITY. TIGHTLY WRAP A RUBBER BAND AROUND ONE PRONG
OF ONE FORKe SET BOTH TO VIBRATING AGAIN, LISTEN FOR
A RISE AND FALL IN THE INTENSITY OF THE SOUND. THE NUMBER
OF BEATS PER SECOND WILL GIVE THE DIFFERENCE IN THE FRE=-
QUENCIES OF THE TWO FORKS, CHANGE THE LOCATION OR AMOUNT
OF WEIGHT ADDEDP TO THE FORK, |S THERE A CHANGE I[N THE BEAT
FREQUENCY?

(PaRT 3)
3. RESONANCE IN AIR COLUMNS CAN BE PRODUCED BY VIBRATING A

TUNING FORK OVER A TALL GRADUATED CYLINDER. THE EFFECTIVE
LENGTH OF THE AIR COLUMN CAN BE CHANGED BY ADDING OR
REMOVING WATER FROM THE CYLINDER. WITH A 250 cPS FORK
START WITH AN AIR COLUMN ABOUT 1 FOOT LONG AND ADD OR
SUBTRACT WATER A LITTLE AT A TIME UNTIL MAXIMUM RESONANCE
HAS BEEN OBTAINED. REPEAT USING A FORK OF HIGHER FREQUENCY.
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SHOULD THE AR CCLUMN BE SHORTER FOR RESONANCE WITH THI!S
FOoRk? CLOSED TUBES RESONATE BEST Argl/h WAVE LENGTH,.

OPEN TUBES MAY BE RESONATED IN THE SAME MANNER, CHANGE
THE EFFECTIVE LENGTH OF THE AIR COLUMN BY WRAPPING A SHEET
OF PAPER AROUND THE TUBE AND SLIDING iT IN OR OUT ON ONE
ENp. OPEN TUBES RESONATE SEST AT 1/2 wAVE LENGTH. How
LONG SHOULD AN OPEN TUBE BE TO RESONATE TO A FORK OF 250
ces?

-
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ENERGY = SOUND
Lever: HigH ScHool

N
|

/
ACTIVITY: In WHAT Ways Do Sounps DifFFeRr?

WE HAVE LITTLE DIFFICULTY IN RECCGNIZING A PERSON'S VOICE OR
DISTINGUISHING ONE MUSICAL INSTRUMENT FROM ANOTHER, WHAT CAUSES
SOUNDS TO DIFFER? WHY ARE SOME SOUNDS MORE PLEASING THAN OTHERS?
How ARE WE ABLE TO HEAR THEM?

A. WHAT ARE Two CHARACTERISTICS OF A MusicaL Sounp?
A. OBTAIN THREE TUNING FORKS OF DIFFERENT FREQUENCIES==256,
38#, AND 512, STRIKE ONE OF THE TUNING FORKS VERY GENTLY AND
NOTE THE LOUDNESS OF THE SOUND IT PRODUCES, STRIKE THE FORK
AGAIN, THIS TIME MUCH HARDER, AND NOTE ITS LOUDNESS.

1. How DOES THE SECOND SOUND DIFFER FROM THE FIRST ONE?

2. WHAT CAUSES THE DIFFERENCE THAT YoOU OBSERVED?

B. SHARPLY STRIKE EACH TUNING FORK IN TURN ON A RUBBER PAD OR STOPPER
AND IMMEDIATELY PRESS ITS STEM AGAINST THE TABLE TOP AND NOTEZ THE
SOUND IT PRODUCES, .

g. WHICH FORK PRODUCES THE SHRILLEST SOUND (HIGHEST PITCH)?

WHICH FCRK PRODUCES THE SOUND OF LOWEST PITCH?

L
- 5« How Is THE PITCH OF A SOUND RELATED TO THE FREQUENCY OR RATE OF
VIBRATION OF THE SOUNDING BODY?

C. BLow OVER THE MOUTH OF AN EMPTY QUART BOTTLE AND NOTE THE PITCH
OF THE SOUND PRODUCED. POUR A GLASS OF WATER INTO THE BOTTLE
AND BLOW AGAIN. POUR MORE WATER INTO THE BOTTLE AND BLOW AGAINe

6. LaBeL "Low PITCH" AND "HIGH PITCH" ON DiAGRAM A,

7. WHAT RELATION IS THERE BETWEEN PITCH AND THE LENGTH OF THE AIR

COLUMN?

D. PLUCK THE STRING OF A SONOMETER AND NOTE THE PITCH OF THE SOUND
PRODUCED, LOOSEN THE STRING, PLUCK IT, AND ONCE MORE NOTE THE
PITCH OF THE SOUND.

8. How DOES CHANGING THE TENSION (TIGHTHESS) OF A STRING CHANGE

THE PITCH OF THE SOUND PRODUCED?

E. SLIDE THE BRIDGE UNDER THE STRING TO THE MIDPOINT OF THE SONOMETER,
PLuCK THE STRING AND NOTE THAT THE PITCH OF THE SOUND IS AN OCTAVE
HIGHER THAN THAT PRODUCED BY THE STRING VIBRATING AS A WHOLE.

2., " LaBeL "Low PITCH" AND "HIGH PITCH" oN DIAGRAM B

i0, (A) How DOES THE NUMBER OF VIBRATIONS PER SECOND (FrREQUENCY) OF
THE HALF STRING COMPARE WITH THE NUMBER OF VIBRATIONS OF THE WHOLE
STRING? !

(8) THE SOUND PRODUCED BY THE SHORT STRING IS SAID TO BE THE

OF THE SOUND PRODUCED BY THE LONG STRING,

11, CONSLUSIONS:

(A) THE LOUDNESS OF A SOUND DEPENDS UPON

(B) THE PITCH OF A SOUND DEPENDS UPON

ERIC
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B, WHAT DISTINGUISHES A MUSICAL TONE FROM A NOISE?
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A. FROM A HEIGHT OF ABOUT A FOOT, DROP SEVERAL SHEETS OF METAL ON
THE TABLE TOP, REPEAT, USING A RULER AND A BUNCH OF KEYS,
124/ WoulLp YOU DESCRIBE THESE SOUNDS AS MUS|CAL OR SIMPLY AS
NOISE?

B. OBSERVE THE SPACING OF THE HOLES IN THE SIREN DISK LIKE THAT
SHOWN /IN THE DIAGRAM,

13. IN WHICH CIRCLE ARE THE HOLES SPACED UNEVENLY?

C. ROTATE THE DISK RAPIDLY AND BLOW A JET OF AIR ON EACH OF THE

CIRCLES IN TURN, ,
14, (A) WHICH CIRCLES OF HOLES PRODUCE A MUSICAL SOUND?
8) WHICH CIRCLE OF HOLES PRODUCES A NOISY DISCORDANT
SOUND ?
19« COMPLETE THE LABELING ON THE DIAGRAM,
16, CONCLUSION: THE CHIEF DIFFERENCE BETWEEN A NOISE AND A

MUSICAL SOUND IS

C. HOW DO WE DETECT SOUND?




N
17. ON THE DIAGRAM LABEL: THE OUTER EAR, INNER EAR, EARDRUM, AUDI=
TORY NERVE, EUSTACHIAN TUBE, AND SEMICIRCULAR CANALS,

18, WHAT EFFECT DO SOUND WAVES HAVE UPON THE KAR DRUM?

19, How DOES THE EAR DRUM TRANSMIT IMPRESSIONS TO THE INNER EAR?

20. WHAT CARRIES IMPRESSIONS FROM THE INNER EAR TO THE BRAIN?

21, WHERE ARE THE IMPRESSIONS CREATED BY SOUND WAVES INTERPRETED?

22, WHAT |S THE PURPOSE OF THE EUSTACHIAN TUBE?

RELATED QUESTIONS

1. WHAT CHARACTERISTJC OF A MUSICAL SOUND MAKES IT POSSIBLE FOR YOU .
TO DISTINGUISH BETWEEN TWO NOTES OF THE SAME PITCH WHEN PLAYED '
ON DIFFERENT INSTRUMENTS?

2. (A) How DOES A VIOLINIST PLAY NOTES OF DIFFERENT LOUDNESS?

(8) How DOES A VIOLINIST PRODUCE NOTES CF DIFFERENT PITCH FROM
THE SAME STRING?

(c) How DOES A VIOLINIST TUNE HIS INSTRUMENT?

3. THE AVERAGE SPEED OF SOUND CAN BE CONSIDERED AS 1100 FEET PER
SECOND, |F YOU SEE A FLASH OF LIGHTNING AND FOUR SECONDS
LATER HEAR THE THUNDER, THE LIGHTNING FLASH OCCURRED
FEET FROM YOU,

4, (A) WHAT CHARACTERISTIC OF SOUND ENABLES US TO DISTINGUISH A
SOUND FROM A RECORDING OF THE SAME SOUND?

(8) WHAT I's MEANT BY A STEREO RECORDING?

5. WHAT CAREERS WOULD BE RELATED TO THESE ACTIVITIES? LIST SEVERAL
YOU MIGHT BE INTERESTED IN.
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ENERGY - SQUND
LEveL: HieH ScHooL

ACTIVITY: Measuring THE VELOCITY oF Sounp\sY PiPES

A WAVE MOTION CAN BE CLASSIFIED AS LONG}TUDINAL OR TRANSVERSE
DEPENDING UPON THE MODE OF VIBRATION OF THE WAVE, A WAVE IS SAID
TO BE TRANSVERSE WHEN'THE PLANE OF VIBRATION OR THE WAVES. IS AT
RIGHT ANGLES TO THE DIRECTION OF PROPAGATION, WAVE IS SAID YO BE
LONGITUDINAL WHEN THE PLANE OF VIBRATION IS PARALLEL. TO THE DIREC=
TION OF PROPAGATION, SOUND WAVES ARE LONGITUDINAL\ SINCE THE PLANE
OF VIBRATION IN SOUND IS PARALLEL TO THE DIRECTION OF PROPAGATION.,

IF THE NUMBER OF VIBRATIONS OF A SOUND PER UNIT OF TIME IS
CALLED ITS FREQUENCY, AND IF $h; DISTANCE A SOUND TRAVELS DURING THE
INTERVAL OF TIME EQUAL TO THE TIME FOR ONE VIBRATION IS CALLED THE
WAVELENGTH OF THE SOUND, THEN THE VELOCITY OF THE SOUND WOULD
EQUAL THE FREQUENCY TIMES THE WAVELENGTHe |F WE CAN MEASURE THE
WAVELENGTH AND THE FREQUENCY OF A SOUND THEN WE CAN CALCULATE ITS
VELOCITY BY MULTIPLYING THESE TWO QUANTITIES TOGETHER. STATING
THIS MATHEMATICALLY?

VerociTy (V) = Frequency (F) x WAVELENGTH (L)

WHEN A TUNING FORK §S STRUCK AND HELD OVER THE OPEN END OF A
PIPE CLOSED AT ONE END, AND THE LENGTH OF THE PIPE CHANGED WHILE THE
FORK IS HELD IN PLACE, A POINT WiLL BE FOUND WHERE THE SOUND WILL
BECOME LOUDER, AS THE LENGTH OF THE PIPE IS INCREASED OR DECREASED
FROM THIS POINT THE LOUDNESS OF THE SOUND WiLL DECREASE, AT THIS
POINT THE SOUND }S LOUDER BECAUSE THE SOUND WAVE |S REFLECTED EFROM
THE CLOSED END' OF THE PIPE AND ARRIVES BACK AT THE TUNING FORK AT
JUST THE RIGHT TIME TO AID OR REINFORCE THE VIBRATION OF THE FORK,
THIS REINFORCEMENT WOULD OCCUR IF THE SOUND WOULD ARRIVE BACK JUST
AT THE POINT OR INSTANT THE FORK HAD COMPLETED ON=HALF VIBRATION AND
WAS ABOUT TO COMPLETE THE SECOND HALF OF THE VIBRATION, DURING THE
TIME THE FORK IS VIBRATING FOR ONE=FALF A VIBRATION, THE SOUND WILL
HAVE TRAVELLED A DISTANCE EQUAL TO ONE<HALF A WAVELENGTH. SINCE THE
SOUND HAS TO TRAVEL DOWN THE PIPE, BE REFLECTED FROM THE CLOSED
END OF THE PIPE, AND TRAVEL BACK UP TO THE TOP OF THE PIRE AGAIN,
THE LENGTH OF THE PIPE MUST REPRESENT OME=HALF THE DISTANCE THE . *
SOUND WILL TRAVEL IN ONE-HALF A VIBRATION, THE LENGTH OF THE AIR
COLUMN IN THE PIPE MUST THEN BE ONE=FOURTH THE WAVELENGTH OF THE .
SOUND PRODUCED BY THE FORK. THE LENGTH OF THE AIR COLUMN CAN BE
MEASURED VERY EASILY AND VERY ACCURATELY. IF THE FREQUENCY OF THE
FORK 1S KNOWN THEN IT IS VERY EASY TO CALCULATE THE VELOCITY OF
SOUND IN AIR BY THE EQUATION:

V=rL

WHERE V = THE VELOCITY OF SOUND IN AIR; F = THE FREQUENCY OF THE
TUNING FORK USED TO PRODUCE THE SOUND; AND L = THE WAVELENGTH OF
THE SOUND THAT WAS PRODUCED, ‘s«
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PART 1

THE GRADUATE CYLINDERS WiLL BE USED AS OUR PIPE, THE LENGTH OF
THE AIR COLUMN CAN BE VARIED BY POURING WATER INTO THE TUBE TO MAKE
IT SHORTER AND BY TAKING WATER OUT TO MAKE IT LONGER, STRIKE THE

TUNING FORK WITH THE RUBBER HAMMER AND HOLD IT OVER THE MOUTH OF

THE GLASS TUBE. ADD WATER SLOWLY AND LISTEN FOR A REINFORGEMENT

OF THE SOUND AS THE WATER IS POURED INTO THE TUBE. WHEN THE LENGTH
OF THE AIR COLUMN 1S CORRECT FOR THE FREQUENCY OF THE FORK BEING USED,
YOU wiLL HEAR A VERY LOUD AND NOTICEABLE RE{NFORCEMENT OF THE SOUND.
STOP POURING THE WATER WHEN YOU HEAR TH!S REINFORCEMENT, MEASURE
THE DISTANCE FROM THE WATER TO THE TOP OF THE TUBE. ADD TO THIS
MEASUREMENT o4 THE RADIUS OF THE TUBE AND YOU HAVE THE EFFECTIVE
LENGTH OF THE AIR COLUMN, THIS IS ONE=FOURTH THE WAVELENGTH OF

THE SOUND PRODUCED BY THE FORK, MULTIPLY THIS LENGTH BY FOUR TO

GET THE WAVELENGTH OF THE SCUND, READ THE FREQUENCY THAT |S STAMPED

ON THE FORK; THIS IS THE VALUE FOR "F" IN THE EQUATION ON THE PRE=

CEDING PAGE. SUBSTITUTING THESE VALUES FOrR "F" AnD "L" INTO THE

CQUATION CALCULATE THE VELOCITY OF SOUND AT ROOM TEMPERATURE,
REPEAT THE ABOVE USING TWO OTHER FORKS OF DIFFERENT FREQUENCIES,

TAKE AN AVERAGE OF THE VELOCITIES THAT YOU HAVE GOTTEN WITH THE

DIFFERENT FCRKS.

’

DATA AND CALCULATIONS

Fork 1 Fork 2 EORK 3

1e¢ LENGTH OF AIR COLUMN | l

2. Raotus of Tuse

. RaDlus oF Tuse x 0.4

. Sum OF 1 anD 3

. WAVE LENnGTH ! |

=T

I

. AVERAGE OF THE 3 VELOCITIES AT Roon TEMPERATURE -
\ []

i

. Correct VALUE oF V . ;

3
Y
5
6. FREQUENCY OF FORK
1
8

APPLICATIONS:
1. DOES THE VELOCITY OF SOUND VARY WITH ALTITUDE?

2. WHY WOULD MUSICIANS BE CONCERNED WITH WAVELENGTHS OF SOUND?
3. THERE ARE SEVERAL OCCUPATIONS THAT WOULD NEED TO KNOW THE

NATURE OF WAVELENGTHS., NAME SEVERAL THAT YOU MIGHT BE
INTERESTED {N.

-;-342 .
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ENERGY « SOUND * -
LEVEL ¢ H!GH ScHooL

ACTIVITY: WAveEs IN THC RiIPPLE TANK = PaART 11

How ARE WAVES REFRACYED? ~
WHEN WAVES MOVE FROM ONZ MEDIUM INTO ANOTHER, THEIR SPEED USUALLY
CHANGES., |F THEY ENTER THE SECOND MEDIUM AT AN ANGLE OTHER THAN
90°, THE WAVEFRONT WILL CHANGE DIRECTION, ACCORDING TO SNELL'S

LAW, THE RATIO SINE 8, = WHERE Q| IS THE ANGLE OF INCIDENCE AND
SINE €,
’." .
OR IS THE ANGLE OF REFRACTION, EQUALS A CONSTANT KNOWN AS THE INDEX -
OF REFRACT ION, . .

PROCEDURE : .

SET UP A RIPPLE TANK AND FILL IT WITH WATER TO A DEPTH OF ABOUT
2 ¢tM. BE CAREFUL THAT THE TANK IS LEVEL, PLACE A PIECE OF GLASS
AsouT 30 BY 15 CM ON SUPPORTS SO THAT IT IS ABOUT 2 MM BELOW THE SUR-
FACE OF THE WATER,

PLACE A STRAIGHT=WAVE GENERATOR IN SUCH A WAY THAT IT CREATES
STRAIGHT WAVES WHICH MOVE TOWARD THE SHALLOW WATER OVER THE GLASS, .
As THE WAVES ENTER THE SHALLOW WATER, THEY MOVE MORE SLOWLY. THE
WAVELENGTH WILL BECOME SHORTERe |F THE WAVEFRONT ENTERS THE SHALLOW
WATER AT AN ANGLE, THE END WHICH ENTERS FIRST wiLL BE SLOWED FIRST
AND THE WAVEFRONT WILL BE SO TURNED THAT IT BECOMES MORE NEARLY
PARALLEL TO THE EDGE OF THE SHALLOW WATER, '

OBSERVE THE PATTERN THROUGH A STROBOSCOPE AND ADJUST THE SPEED
FOR A STATIONARY PATTERN.

1. Do THE WAVES IN THE DEEP AND SHALLOW WATER APPEAR STAT{ONARY
AT THE SAME STROBE SPEED?

2. WHAT DOES THIS TELL YOU ABOUT THE FREQUENCIES OF THE WAVE I[N
DEEP AND SHALLOW WATER?

USING A RULER, DRAW A LINE ON THE PAPER TO SHOW THE EDGE OF THE
GLASS PLATE WHERE THE SHALLOW WATER BEGINS. NOW LAY THE RULER ON
THE PAPER |N SUCH A WAY THAT IT INTERSECTS THE LINE BETWEEN DEEP
AND SHALLOW WATER. ADJUST THE RULER UNTIL IT IS PARALLEL TO THE -
INCIDENT WAVEFRONTS, DRAW A LINE FROM THE DEEP=-SHALLOW LINE ALONG
THE WAVEFRONT.
NOW AOJUST THE RULER TO TOUCH THE POINT FORMED BY THE LINE YOU
JUST DREW AND THE DEEP=-SHALLOW LINE. TURN [T UNTIL IT IS PARALLEL
TO THE WAVEFRONTS 1IN SHALLOW WATER. DRAW IN THIS LINE FROM THE
DEEP=SHALLOW L{HE, Y
MEASURE THE ANGLE THE INCIDENT WAVEFRONT MAKES WITH THC DEEP~
. SHALLOW LINE. ENTER THIS IN THE DATA TABLE UNDER 8y, ¢ :
MEASURE THE ANGLE THE WAVEFRONT [N SHALLOW WATER MAKES WITH THE
DEEP=SHALLOW LINE, ENTER THIS IN THE TABLE AS 92. AL.SO MEASURE
AND RECORD THE WAVELENGTH [N BOTH DEEP AND SHALLOW WATER AND T:iE
FREQUENCY.
REPEAT THESE STEPS AFTER SO ADJUSTING THE GLASS THAT THE WAYfi~
FRONT MAKES AN ANGLE OF ABOUT 450 WITH THE DEEP=SHALLOW .LINE.

243 | i
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MAKE A THIRD SET OF MEASUREMENTS WITh THE WAVEFRONTS HITTING THE
DEEP=-SHALLOW LINE AT A VERY LARGE ANGLE,

FOR EACH SET OF DATA, COMPUTE THE RATI0 OF SINE ©;/SINE 62,
ACCORDING TO SNELL'S LAW, THE RATIO SHOULD BE A CONSTANT,

2. He+* CLOSELY DOES YOUR DATA REMAIN CONSTANT?

« CAN YOU SUGGEST SPECIFIC REASONS WHY YOUR DATﬁ,MIGHT NOT BE CONe
STANT ?

[T CAN BE SHown BY GEOMETRIC PROOFS THAT THE RATI0 OF SINE 81/
SINE @2 IS €QUAL TO THE RATI0 OF V1/Vp, WHERE V IS THE VELOCITY OF
THE WAVES,. '

COMPUTE THE VELOCITIES OF THE WAVES FROM THE EQUATION V = F.\.
ENTER THEM IN YOUR TABLE AND COMPUTE THE RAT10 V;/Vp FOR EACH CASE.

’

5. How CLOSELY DO THE RATI0S V)/Vo AGREE wITH THE RATIOS SINE

9]/$|NE 02?

6. WHICH OF THE RAT!OS 1S MORE NEARLY CONSTANT?

DATA
ANGLE PLATE MAKES WITH WAVEFRONT SMALL MeEpiuM | LARGE

‘INCIDENT ANGLE @

SINE O

1

3 !
REFRACTED ANGLE ©2 !
]

1

SINE B9 '
< ]

SiNe 21/sINE €2

WAVELENGTH -

WAVELENGTH \ 2

FREQUENCY

VELOCITY V)

VELOCITY V2

Vi/v2

Discussion

1o AN INCIDENT WAVE MAKES AN ANGLE OF 300 wITH THE DEEP=SHALLOW LINE
IN DEEP WATER AND AN ANGLE OF 24O |N TRE SHALLOW WATER. WHAT 1S THE
CONSTANT SINE 99/SINES2, (THIS IS CALLED THE INDEX OF REFRACTICN.)
2. THE INDEX OF REFRACTION FOR A GIVEN RIPPLE TANK SET UP 1S 1.35.
IF THE SPEED OF THE WAVES IN SHALLOW WATER IS 18 CM/SEC, WHAT 1S THEIR
SPEED IN DEEP WATER? ) '

3. [F THE WAVELENGTH OF THE WAVES IN QUESTION 2 IS 3 CM IN THE DEEP
WATER, WHAT WILL BE THE WAVELENGTH [N THE SHALLOW WATER?

4, WHY WOULD A SOUND ENGINEER OR AN ARCHITECT NEED TO BE ACQUAINTED
WITH THIS ACTIVITY?

ERI!
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ENERGY - SOUND
LeveL: HigH SzHooL

ACTIVITY: WAvVE FormMs

ProsLEM: -

As A SUBSTANCE VIBRATES, WAVES ARE PRODUCED IN THE MEDIUM
SURROUNDING THE SUBSTANCE, SINCE AIR 1S ORDINARILY AN INVISIBLE
SUBSTANCE, SOUND WAVES TRAVELING THROUGH IT CANNOT BE SEEN. How
CAN THE WAVES PRODUCED BY A VIBRATING OBJECT BE SHOWN? é :

MATERIALS:

CLEAR GLASS BAKING DISH, AT LEAST 12 TUNING FORK
INCHES IN LENGTH. WHITE CARDBOARD

Desk LAMP WOODEN BLOCKS

|
1
PROCEDURE : |
PLACE THE GLASS DISH ON BLOCKS ABOUT 10 INCHES ABOVE A SHEET .
OF WHITE CARDBOARD, BEING SURE THE DISH IS LEVEL. POUR NOT OVER
1/2 INCH OF WATER IN THE DISH. ARRANGE A DESK LAMP SO THAT IT
SHINES THROUGH THE WATER ONTO THE CARDBOARD, AS SHOWN IN PJCTURE.,
STRIKE THE PRONGS OF A TUNING FORK, AND PLACE THE PRONGS IN THE
N WATER AT ONE END OF THE DISH, NOTE THE PATTERN OF WAVES SEEN ON
' THE CARDBOARD. '

OBSERVATIONS §
1. DESCRIBE THE APPEARANCE OF THE WAVES PRODUCED IN THZ WATER,.

2. WHAT PART OF A WAVE DO THE DARK BANOS REPRESENT? ’

3. WHAT PART OF A WAVE DO THE LIGHT BANDE REPRESENT?

e\ )
M’ j ~—— Tuning fork
4l =
/kr/

N\
9
w ’*- ] ® - :
1 ( cﬂ:\\\y—- Gl.” d,‘h
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4, WHAT HAPPENS WHEN THE WAVES HIT THE OPPOSITE SIDE OF THE DISH?

5« WHAT HAPPENS WHEN THE REFL%éTED WAVES MEET THOSE THAT ARE MOVING

OUT FROM THE TUNING FORK? /
BN ’

INTERPRETATION:
FILL IN THE BLANK WORDS IN THE FOLLOWING PARAGRAPH IN THE NUMBERED
SPACES AT THE RIGHT.

SOUND WAVES ARE PRODUCED WHENEVER ANY FORM OF

MATTER (1). THE PART OF THE WAVE PRODUCED WHEN THE

MOLECULES OF AIR ARE PUSHED TOGETHER IS THE (2) WAVE,
AND THE PART OF THE WAVE PRODUCED WHEN THE MOLECULES

ARE SPREAD APART IS THE (3) wAVE. THE WAVES MOVE
OUT FROM THE SOURCE {N « WHEN A SOUND WAVE

STRIKES A HARD OBJECT,-1T—-iS {5) AND MAY..BE HEARD AS
A (AN) (6)e WHEN REFLECTED SOUND WAVES STRENGTHEN

_THE ORIGINAL SOUNDS, THEY ARE SAID TO (7) THEM; anD

WHEN THEY WEAKEN THE ORIGINAL SOUNDS, THEY ARE SAID

70 (8). UNWANTED ECHOES MAY BE AVOIDED BY USING

(9) MATERIALS AND BY DESIGNING THE ROOM SO THAT RE~
FLECTIONS OF SOUND wAVES ARE (10).

O N OO~y OV W D -

—

APPLICATION: i:}

. EXPLAIN wHY THE SOUNDS YOU HEAR WHEN YOU ARE RIDING IN AN AUTO=
MOBILE SEEM DIFFERENT WHEN YOU ARE DRIVING ON AN OPEN HIGHWAY, ON
A NARROW STREET, OVER A BRIDGE, OR THROUGH A TUNNEL,

L
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PHYSICS - MECHANICS

Air TrRAFFic CONTROLLER

ARCHITECTS T

ASTRONAUTS

RA1LROAD CONDUCTOR

DRAFTSMAN

ENGINEERING TECHNICIAN

GEOLOGI'ST

InDUSTRIAL ENGINEER

PHARMACIST

PuYsiclsT

ELEMENTARY TEACHER -«

TECHNICAL WRITER

X«RAY TECHNICIAN

Auto PAarRTS Man

FBI AGENT

PoL tceEMEN & WOMEN

STEWARDESSES

FisH & WILDLIFE TECHNICIAN

FORESTERY PRODUCT TECHNICIAN

LIvESTock PRODUCTION TECHNICIAN

SojL CONSERVATIONIST

ELECTROPLATER

AIr CONDITIONING & REFRIGERATION
MECHANICS

AIRCRAFT MECHANICS

Composing RooM OPERATORS

FArM EquipMENT MECHANIC

INDUSTRIAL MAINTENANCE MECHANIC

MacHINE ToolL OPERATORS

PATTERN MAKER

ProoucTioN MacHINE OPERATOR

TooL & DyeE MaAN

AsSEMBLER

FURNITURE UPHOLSTERERS

JEWELER REPAIR

WATCH REPAIRMAN

Brick LAYER

CEMENT MASON

ELEVATOR REPA IRMAN

GLAZIER

OPERATING ENGINEER (CONSTRUCTIOR)

RooFER

SIGNAL MAINTA INER
STRUCTURAL STEEL WORKER
WELDER

BoOKBINDER

BROADCAST TECHNICIAN
ELecTrIC TYPERS

TRuck DRIVER {WAREHOUSE)
LocoMoTIVE ENGINEER
METER MEN=WOMEN

PHOTO ENGRAVER

FArRM=crOP PRODUCTION TECHNICIAN
DAIRY ProODUCTION TECANICIAN
PHYsIcAL CHEMIST

DENTIST

EplITOR

ENGINEER

GEOPHYSICISTS

MERCHANT MARINE

PHYSICIAN

PitoTs

TEACHER SECONDARY=~COLLEGE
VETERINARIAN

RAaploLoGtsT

AUTO SALESMAN

FIREMAN

SHOE REPAIR

FARMING

FisH CULTURE TECHNICIAN
Las ANIMAL CARE TECHNICIAN
RANGE MANAGEMENT

SolL SCIENTIST

MoULDER

MILLRIGHT

AuTo MECHANIC

" DIESEL MeECHANIC

FLIGHT ENGINEER
INSTRUMENT MAKER
OFFICE MACHINE REPAIRMAN
PRINTING PRESSMAN
SET=UP MAN

APPLIANCE SERVICEMAN
DENTAL LAB TECHNICIAN
JEWELERS

TV Tecunician (RADIO)
BoILER MAKER
CARPENTER
ConsTRUCTION LABORER
FLoor CovERING INSTALLER
LAy Oyt Man

PLumBer & PIPE FITTER
SHEET METAL WORKER
SToNE MASON

TELEPHONE REPAIRMAN
A1RPLANE \DISPATCHER
BRAKEMAN

Bys DRIVERS

GASOLINE SERVICE STATION ATTENDART

LiTHOGRAPHIC OCCUPATION
APPRENTICE ENGINEER
PROJECTIONIST

Power PLANT OPERATOR




PHYSICS - MECHANICS

STATIONARY ENGINEER BoiLER FIREMAN
STEVEDORE TAX! DRiVER
Power DiSPATCHER Truck DRIVER

LONG SHOREMAN




PULLEY.

OBSERVATIONS:

ACTIVITY: How CAN PULLEYS HELP US DO A JoB?

MATER!ALS: "C" cLAMP : SINGLE PULLEY
METER STICK STRING
SPRING BALANCE 100 GM WEIGHT
PROCEDURES :

A, ATTACH THE "C" CLAMP TO' THE EDGE OF A TABLE OR DESk, TIE
THE PULLEY 7O THE "C" cLAMP. ATTACH ONE END OF THE CORD
To THE 100 GRAM WEIGHT AND RUN THE OTHER END THROUGH THE

8., PuLL THE SPRING BALANCE SMOOTHLY AND OBSERVE THE FORCE NEEDED
TO LIFT THE 100 GRAM WEJGHT, DO THIs STEP THREE OR FOUR
TIMES TO GET AN AVERAGE, AND THEN RECORD YOUR AVERAGE IN THE
DaTA TABLE,

C. PLACE THE METERSTICK UPRIGHT ON THE FLOOR AND HAVE ANOTHER

| PERSON OBSERVE THE NUMBER OF CENTIMETERS THE WEIGHT RISES
WHILE YOU OBSERVE THE NUMBER OF CENTIMETERS THE SPRING BALANCE
MOVES IN THE OPPOSITE DIRECTION, RECORD YOUR READINGS IN THE
Data TasLE.

D. Tic ONE END OF THE CORD ON THE "C" cLAMP., RUN THE OTHER
UGH THC PULLEY AND ATTACH IT TO THE SPRING BALANCE,
HoOK THE WE}GHT ON THE MOVABLE PULLEY.

CORD THRO

E. PuLL THE SPRING BALANCE SMOOTHLY SEVERAL TIMES TO LIFT THE
1C0 GRAM WEIGHT. RECORD YCUR AVERAGE READING,

F., PLACE THE METERSTICK ON THE FLOOR IN AN UPRIGHT POSITION AND
OBSERVE THE DISTANCE IN CENTIMETERS THAT BOTH THE WEIGHT AND
THE SPRING BALANCE TRAVEL, AS YOU DID IN STEP 3. YOUR
PARTNER WILL HELP YOU IN THE OBSERVATIONS. RECORD IN THE
DaTA TABLE.

PHYSICS (MECHANICS)
LeveL: 'JUNIOR HigH

TIE THE SPRING BALANCE TO THE FREE END OF THE CORD.

‘.

1. RECORD YOUR OBSERVATIONS IN THE DATA TABLE.

{ i
+ VIEIGHT OF ;: FORCE TO "ForcE Loss. DisTANCE | DisTANCE
' 1 OBJUECT I Move OBUECT OR GAIN WEIGHT ~ FORCE
- — L Moygo—— L MOVESmm—
i .
Fixeo | i .
PuLLEY . 1 i
1 + i
MovaAsLE ; !
Q PuLLEY




INTERPRETATIONS :

1.

2,

Do YOu ALWAYS GAIN FORCE WHEN A PULLEY Is UsSen? ExpPLAIN,

IN step C, WHEN THE SINGLE FIXED PULLEY WAS USED, NEITHER
FORCE NOR DISTANCE WAS GAINED OR LOSTe WHAT IS THE GAIN?

How MANY STRANDS ARE PULLING DIRECTLY ON THE LOAD IN THE
FIXED PULLEY EXPERIMENT? How MANY IN THE MOVABLE EXPER{MENT?

WHAT DIFFERENCE DOES THE MOVABLE PULLEY MAKE?

WHAT IS THE MECHANiCAL ADVANTAGE OF 1:)E MOVABLE PULLEY?

WHEN FORCE WAS GAINED USING THE MOVABLE PULLEY, WHAT WAS
LosT?
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FHYSICS (MECHANICS)
Levet: dJuwlor HigH

ACTIVITY: ActiviTies Using AN INCLINED PLANE

MATERIALS: BoARD Toy CAR OR TRUCK
BrLock TRING
SPRING ScCALE

PROCEDURE :
SET UP A SMOOTH BOARD ABOUT 1 METER LONG SO THAT ONE END (S
ABOUT 20 CM HIGHER THAN THE OTHER. ACCURATELY MEASURE THE HEIGHT
OF THE RAISED END TO THE UNDERSIDE OF THE BOARD. FROM THIS DETERMINE
THE THEORETICAL MECHANI|CAL ADVANTAGE, RECORD YOUR ANSWER:

WEIGH A TOY CAR OR TRUCK WITH A SPRING SCALE, MEASURE THE
FORCE NECESSARY TO PULL THE CAR UP THE INCLINE. FROM THESE TwO
FORCES FIND THE ACTUAL MECHANICAL ADVANTAGES

>

WHY IS THIS LESS THAN THE ONE FOUND BY USING THE LENGTH AND
HEIGHT?

PUT WEIGHTS IN THE TRUCK OR CHANGE THE HEIGHT OF THE INCLINE
AND THEN MAKE OTHER TRIALS. ON THE BASIS OF YOUR RESULTS HOW DOES
THE FORCE REQUIRED TO MOVE THE BLOCK CHANGE AS THE MECHANICAL
ADVANTAGE INCREASES?




PHYSICS (MECHANICS)
LEVEL: JunlOR HIGH

-

ACTIVITY: How Does FricTioN AFFECT EFFiciencY? Ano How Can
FricTiON BE REOUCED?

MATERIALS: SPRING BALANCE 4 rRounD PENCILS
FLAT B80ARD (SMALL) TwO BOOKS
MED IUM=S 1 ZE NAIL

PROCEDURE :

A. DRIVE THE NAIL INTO THE BOARD NEAR ONE END, ATTACH A
SPRING BALANCE TO THE NAIL. PLACE ONE BOOK ON THE BOARD
AND PULL THE BOARO GENTLY AND SMOOTHLY, OBSERVE THE READ=
ING ON THE SPRING BALANCE AS THE BOARD IS MOVING. Do
THIS SEVERAL TIMES. RECORD THE AVERAGE READING [N THE
Data TaBLE.

B, PLACE Two BOOKS ON THE BOARD AND REPz&T S7eP A. AFTER
®EVERAL TR!ALS, RECORD THE AVERAGE READING IN THE DATA
TABLE.,

C. NEXT, PUT THE FOUR PENCILS UNDER THE BOARD AND PUT ONE
BOOK ON THE BOARDe PULL THE BOARD GENTLY AND SMOOTHLY,
AND OBSERVE THE READING ON THE SPRING BALANCE AS THE BOARD
IS MOVING.

D. RepPeaT STep C, usING Two BOOKS. AFTER SEVERAL TRIALS,
RECORD THE AVERAGE READING IN THE DATA TABLE.

OBSERVATIONS @

1. RECORD YOUR MEASUREMENTS IN THE DATA TABLE,

i FLAT SURFACE RoLLER SURFACE
]
| ; ForcE REQUIRED | ForCE REQUIRED
BoarD wiITH ONE Book :
L]
;  BoaArp WITH Two Books I ,
‘ )
n53
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INTERPRETATIONS ©

1.

How D10 YOU REOUCE FRICTION IN THIS EXPERIMENT?

How DO YOU KNOW THAT A HEAVIER OBJECT PRODUCES MORE FRICTION?

How DO THE SIZES OF THE SURFACES TOUCHING EACH OTHER AFFECT
FRICTION?

1]

WHAT ARE TWO THINGS THAT WASTE THE WORK PUT INTO A MACHINE?

WHAT AFFECT DO ROLLING OBJECTS, BALL BEARINGS, AND LUBRI=
CANTS HAVE ON FRICTION?




MECHANICS
Lever: HieH ScHooL

/7

ACTIVITY: PuLLeYys (WHAT DETEBM]NES THE MECHANICAL ADVANTAGE OF A
SYSTEM OF PULLEYS?) /

<

Vs
MATERIALS
2 SINGLE=SHEAVE PULLEYS 2 DOUBLE=TANDEM PULLEYS
HOR1ZONTAL suPPORT SPRING BALANCE {500 g)
- SET OF HOOKED WEIGHTS CorD

====::::#ﬁRg;5=illF?ﬂlll!!!!!!!!!!giuﬁﬂ-vf“
- R TR ARSI R ~

s —

[

(g'

PROCEDURE :
A, SINGLE Fixep PuLLEY
FASTEN A SINGLE PULLEY TO A HORIZONTAL SUPPORT (Fie. 1). pPass
A CORD ABOUT A METER LONG THROUGH THE PULLEY AND FASTEN A 200-6
WEIGHT R TO oNE END. Hook WEIGHTS, E4, TO THE OTHER END OF THE CORD
UNTIL THE 200=G WEIGHT IS SLOWLY RAISED, (PLACE WEIGHTS IN A SCALE
PAN IF WEIGHTS WITH HOOKS ARE NOT AVAILABLE.) REMOVE WEIGHTY, E2,
UNTIL THE 200-G WEIGHT 1S SLOWLY LOWERED.
1. WHiCH IS LARGER, E; oR £5?

1]

E1 IS THE EFFORT INCREASED BY FRICTION, AND €2 1S THE EFFORT
DECREASED BY FRICTION, THE AVERAGE OF THESE TWO GIVES THE TRUE
EFFORT E,

2. How DOES YOUR vALUE ofF E COMPARE WITH R?

3. DoEs THIS ARRANGEMENT GIVE A MECHANICAL ADVANTAGE?

o 1OW MANY STRINGS SUPPORT R?

; 259
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8., SINGLE MovasLE PULLEY
TiE THE END OF THE CORD TO THE supPorRT (Fig. 2). FAsSTEN A 200-a

WE IGHT AT R AND A SPRING BALANCE AT E, THE EFFORT IN THIS CASE WILL

HAVE TO BE EXERTED UPWARD, FIND THE EFFORT REQUIRED WHEN THE WEIGHT

IS BEING RAISED AND WHEN IT IS BEING LOWERED. FIND THE AVERAGE EFFORT.
5. How MANY STRINGS SUPPORT R?

WEIGH THE PULLEY ON THE SPRING BALANCE, FOR R USE THE COMBINED
WEIGHT OF THE 200-G WEIGHT AND THE WE!GHT OF THE PULLEY.
6. WHY? ’
[ ] 3

7. WHAT IS THE VALUE OF THE MECHANICAL ADVANTAGE AS GIVEN BY
THE RAT10 R/E?

C. One Fixep aAnD ONE MovAaBLE PULLEY
ARRANGE TWO SINGLE PULLEYS As IN Fig. 3. Use A 500-G WEIGHT FOR
R AND FIND THE WEIGHTS REQUIRED AT E TO RAISE AND LOWER R. FIND THE
AVERAGE EFFORT. THE WEIGHT OF THE LOWER PULLEY MUST BE ADDED TO THE
WEIGHT LIFTED.
. WHAT RELAT!ION DO YOU SEE BETWEEN THE RATIO R/E ANDLTHE NUMBER
OF STRINGS SUPPORTING R? .
9. How DOES THE MECHANICAL ADVANTAGE COMPARE WITH THAT OF ONE
MOVABLE PULLEY?
10. WHAT 1S THE USE OF THE FIXED PULLEY?

D. Two Fixep Anp Two MOvABLE PULLEYS

WEIGH ONE OF THE DOUBLE BLOCKS ON THE SPRING BALANCE. ARRANGE
TWO DOUBLE BLOCKS AS IN Fig. 4. FinD THE SAME DATA A8 BEFORE, USING
A 500-6 WEIGHT ForR R.

DATA

A 8 : C D

ToTAL WEIGHT LIFTED, R

EFFORT, WEIGHT GOING UP, Ej

EFFORT, WEIGHT GOING DOWN, EZ

[22 122 (22122
DOOO“
(22 €22 E2 212

EFFORT, AVERAGE, E

N 22 22 (212

MCCHANI CAL ADVANTAGE R/E

NUMBER OF STRINGS SUPPORTING R

Discussion:
1. WHAT 1S THE DIFFERENCE BETWEEN A FIXED AND A MOVABLE PULLEY?

2. By EXAMINING A SYSTEM OF PULLEYS, HOW CAN YOU DETERMINE THE
THEORET | CAL MECHANICAL ADVANTAGE?

3. A CAR IS TO BE PULLED OUT OF THE MUD BY THE USE OF TwO DOUBLE
BLOCKS. ONE BLOCK IS FASTENED TO A TREE AND ONE TO THE CAR.
SHC.¢ BY DIAGRAMS TWO WAYS OF STRINGING UP THE TWO DOUBLE BLOCKS.
WHAT |S THE MECHANICAL ADVANTAGE OF EACH?

MA= MA=.

4., WHAT CAREERS CAN YOU DISCOVER THAT WOULD REALLY NEED INFORMA-
TION FROM THIS ACTIVITY?

296
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MECHANICS
Lever: HieH ScHooL

ACTIVITY: ArRcHIMEDES' PRINCIPLE~BUOYANT FORCE (HOW CAN ARCHIMESES!
PRINCIPLE BE VERIFIED?)

FLUIDS EXERT A BUOYANT (UPWARD) FORCE ON BOTH FLOATING AND SUBMERGED
OBJECTS. ARCHIMEDES REASONED THAT THE MAGNITUDE OF THiS FORCE MUST
EQUAL THE WEIGHT (DOWNWARD FORCE) OF THE FLUID DISPLACED BY THE 0B~

JECT.

PROCEDURES ©
A, OCsuects DENSER THAN WATER
TO DETERMINE THE BUOYANT FORCE OF WATER ON A SUBMERGED OBJECT

DENSER THAN WATER, THE OBJECT IS WEIGHED IN AIR AND WEIGHED AGAIN
WHILE SUBMERGED IN WATER, THEN, TO VER!FY ARCHIMEDES' PRINCIPLE,
WEIGH THE WATER DISPLACED BY THE OBJECT, ENTER YOUR DATA i THE TABLE
ON THE NEXT PAGE.

4+ ONE METHOD OF WEIGHING AN OBJECT SUBMERGED IN WATER 1S SHOWN
IN THE DIAGRAM. |F YOUR APPARATUS IS DIFFERENT, YOUR INSTRUCTOR
WiLL EXPLAIN ITS USE., '

MATERIALS:

LABORATORY BALANCE OVERFLOW CAN

CATCH BUCKET Corp

OBJUECT DENSER THAN WATER OBJECT LESS DENSE THAN WATER

SATURATED SALT SOLUTION OR KEROSENE

e e - —— e s

- e —————

TO WEIGH THE DISPLACED WATER, USE AN OVERFLOW CAN AND CATCH
BUCKET., (SEE DIAGRAM BELOW.) WEIGH THE EMPTY CATCH BUCKET. fILL
THE OVERFLOW CAN WITH WATER AND, WHEN ALL THE EXCESS WATER HAS FLOWED
OUT, GENTLY PLACE THE OBJECT INTO THE WATER, CATCHING THE -OVERFLOW
IN THE BUCKET., WEIGH THE BUCKET AND WATER AND SUBTRACT THE WEIGHT
OF THE EMPTY BUCKET.




t

224

B. O0BJUECTsS LEss DENSE THAN WATER

To VERIFY ARCHIMEDES' PRINGI"LE FOR FLOATING OBJECTS, WEIGH THE
OBJECT IN AIR, THEN GENTLY PLACE THE OBJECT IN A FILLED OVERFLOW
CAN, ALLOWING IT TO FLOAT. CATCH THE OVERFLOW IN A CATCH BUCKET AND
SBTAIN THE WEIGHT OFATHE DISPLACED WATER AS BEFORE. NOTE THAT A
QUIETLY FLOATING OBJECT DOES NOT MGVE UP OR DOWN, INDICATING THAT
THE BUOYANT FORCE OF THE FLUID EXACTUY BALANCES THE WEIGHT OF THE
OBJECT. ~

'F TIME PERMITS, REPEAT PROCEDURES A AND B WITH A LiQuID OF
DIFFERENT DENSITY, SUCH AS SATURATED SALT SOLUTION OR KEROSENE,

L 4

DATA

WATER SECOND LiQuUiD |
A 8 A, B

->-

1. WEIGHT OF OBJECT IN AIR

j&_ﬁ@|snr OF OBJECT IN LIQUID

3. DIFFERENCE IN WEIGHT (1-2)

4, WEIGHT OF EMPTY CATCH BUCKET

5. WEIGHT Or BUCKET AND DJISPLACED LIQUi
\ . WELGHT OF DISPLACED LIQUID (5=4) |

(28 [~}

olo oo

(28120 (20 (22 (2 (2l
(22 (28 (23 (22 (2 (2
(2R 120 (20 (24 {22 [2)

Discussion:
1. WHAT RELATION DO YOU FIND BETWEEN THE WEIGHT OF THE FLOATING BODY
AND THE WEIGHT OF WATER THAT |S DISPLACED?

2. WAS THIS SAME RELATIONSHIP TRUE FOR THE SECOND tieuio?

3. DID THE OBJECT DISPLACE A GREATER OR A LESSER VOLUME OF THE
“£COND LiquiD? EXPLAIN.

b, As A sHIP PASSES FROM FRESH WATER INTO SALT WATER, WILL IT
FLOAT HIGHER OR LOWER IN THE WATER?

5. A PNEUMATIC LIFE RAFT WHICH WEIGHS 25 LB WILL DISPLACE WHAT
WEIGHT OF WATER WHEN THERE ARE Two PEOPLE WEIGHING 180 LB eacH
IN THE/RAFT? /

How MANY CUBIC FEET OF WATER WILL BE DISPLACED?

6. A FLAT-BOTTOMED BOAT 10 FT WIDE AND 20 FT LONG SINKS 2 IN.
DEEPER WHEN LOADED. HOw HEAVY IS THE LOAD?

7. |F YOU WERE DESIGNING AND SELLING FISHING BOATS HOW WOULD YOU
FIND THIS ACTIVITY HELPFUL? ExpLAIN,

ERIC
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MECHANICS
Lever: HieH ScHoot

ACTIVITY: WATER PRESSURE -~
~

PROBLEM:

THE PRESSURE OF A FLUID INCREASES AS THE DEPTH IS INCREASED. How
CAN WE MEASURE SMALL CHANGES OF PRESSURE IN WATER? ’

MATERIALS :

RiNG STAND . RING STAND CLAMP

U=-TuBE & LONG=STEMMED FUNNEL
RUBBER TUBE RUBBER BALLOON

RULER MASK ING TAPE

COLORED WATER GLASS JARS OF DIFFERENT

SI1ZE AND SHAPE

PROCEDURE :

’ CUT THE TOP OFF A BALLOON AND STRETCH THE LOWER HALF OVER THE
MOUTH OF THE FUNNEL.TO MAKE A RUBSBER DIAPHRAGM. SUPPCRT THE U=
TUBE IN THE RING STAND AND POUR A LITTLE COLORED WATER INTO TUBE. ®
MARK ONE ARM OF THE TUBE IN CENTIMETERS TO MAKE A MANOMETER SCALE,
CONNECT THE FUNNEL TO THE OTHER ARM OF THE U=TUBE TO MAKE A SIMPLE
MANOMETER. FILL THE GLASS JARS NEARLY FULL WITH WATER AND ATTACH
THE RULER WITH TAPE TO THE SIDE OF THE JAR TO BE USED FIRST. GRAD=
UALLY PUSH THE FUNNEL INTO THE WATER NOTING THE RISE IN THE MANOMETER
TUBE AS THE DEPTH INCREASES. REPEAT THE EXPERIMENT FOR EACH OF THE
D!FFERENT JARS.

OBSERVATIONS @
FitL IN THE FOLLOWING TABLE SHOWING THE DEPTH AND PRESSURE READINGS.

DEPTH OF WATER READING ON MANOMETER SCALE

IN THE JAR JAR 21 " JAR #2 i JAR #3_ JAR 7%
1 INCH i ; ‘

]
i
I NCHES T '

—a—— =

INCHES !

H .

{NCHES

I NCHES

N ] o) o

6 INCHES '

INTERPRETATION:

-
MAKE A GRAPH SHOWING THE RELATIONSHIP OF PRESSURE TO DEPTH AS
SHOWN B8Y THE DATA IN THE TABLE.

ERIC
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PRESSURE ON MANOMETER

APPLICATIONS :
1. DIVERS WORKING AT GREAT DEPTHS IN THE WATER USUALLY WEAR HEAVY

PROTECT IVE HELMETS AND SUITS. EXPLAIN HOW THE DIVER !S PROTECTED
FROM THE GREAT PRESSURES AT THESE DEPTHS,

2. THERE ARE MANY CAREERS THAT NEED TO BE CONCERNED WITH PRESSURE,
NAME SEVERAL THAT INTEREST YOU.

2
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EARTH AND WHAT IT'S MADE OF
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EARTH SCIENCE - EARTH & WHAT IT*S MADE OF

PETROLEUM ENGINEER

GEOPHYSICS

OCEANOGRAPHER

TEACHER SECONDARY=COLLEGE

UrBAN PLANNER

AGRICULTURAL EXTENSION WORKER
FARM CroP ProDucTION TECHNICIAN
Fish & WiLpLIFE TECHNICIAN
FORESTERY PRODUCTION TECHNICIAN
OrcHARD TECHNICIAN

PARkS LAND MANAGEMENT TECHNICIAN
Soir CONSERVATIONIST

CorRE MAKER

JEWELER REPAIR

CEMENT MASoON

PLASTERER

STRUCTURAL STEEL WORKER

GEOLOGIST

LANDSCAPE ARCHITECT
ELEMENTARY TEACHER
TECHNICAL WRITER
AGRIBUSINESS TECHNICIANS
DA1RY ProoucTioN TECHNICIAN
FARMING

FORESTER

LivesTock ProoucTion TECHNICIAN
HORTICULTURIST

RaANGE MANAGEMENT

SofL SCIENTIST

JEWELER

BRick LAYER

OPERATING ENGINEER

STONE MASON

——




EARTH & WHAT IT'S MADE OF
LEVEL: JuNioR HIGHK

ATTIVITY: EXAMINATION OF SolL PARTICLES AND 2 OF ITS PROPERTIES,

MATERIALS ¢ MAGNIFYING LENSES .
(Per TEAM) STRAIGHT PIN

METRIC RULER

SolL SAMPLES

A. CHARACTERISTICS OF SolL
PROCEDURES :

A, PLACE A SMALL AMOUNT OF SOIL ON A SHEET OF PAPER., EXAMINE
THE SOIL WITH A LENS. [F YOU ARE ABLE TO IDENTIFY ANY
MINERAL PARTICLES IN THE SAMPLE WRITE THEIR NAMES IN A e
NOTEBOOK , S ’

Be OBSERVE THE SHAPES OF SEVERAL SO|L PARTlc5§s,ny6?iEE
ESPECIALLY WHETHER THEY HAVE SHARP-OR"ROUND EDGES., PRE=
PARE SKETCHES OF THE PARTICLES IN YOUR NOTEBOOK,

Ce USE THE PIN TO LINE UP ENOUGH PARTICLES ALONG THE EDGE OF
A RULER TO EXTEND FOR ONE OR MORE MILLIMETERS.

INTERPRETATIONS :
1. How MANY PARTICLES ARE THERE IN A LINE 1 MM LONG? WHAT
IS THE AVERAGE SIZE OF THE PARTICLES?
.2, WHAT IS THE SIZE RANGE OF THE PARTICLES, FROM THE BIGGEST
TO THE SMALLEST?

Bs AS YOU HAVE DISCOVERED FROM THIS INVEST!GATION SOfL PARTICLES ARE
OF DIFFERENT SIZES. [N THIS PART YOU wiLL BE CONCERNED WITH ONE
PROPERTY OF SOIL; THE WATER HOLDING CAPACITY OF SolL, THIS
PROPERTY CAN BE RELATED TO PARTICLE SI|ZE,

MATERIALS: (PSR TEAM)
DRY SAMPLES OF CCARSE GRAVEL, FINE SAND, AND CLAY SOIL
6 SMALL STYROIOAM DRINKING CUPS
TRANSPARENT FOOD WRAP
100 ML. GRADUAVED CYCLINDERS
RUBBER BAM:
LARGE METAL PAN
FOURPENNY (FINISHING) NAIL
WATCH OR CLOCK WITH SWEEP-SECOND HAND
y, MARK ING PEN

PROCEL RES:
s Ao IAKE 3 STYROFOAM CUPS AND WITH A MARKING PEN, LABEL EACGH ONE
OF THE THREE cups A, B, anp C.
B. USE THE NAIL TO PUNCH 10 HOLES IN THE BOTTOM OF EACH CUP,
[T I's IMPORTANT THAT THE HOLES ARE PUNCHED IN APPROXIMATELY
THE SAME PATTERN [N EACH CUP,
C. FASTEN TRANSPARENT FOOD WRAP T{GHTLY OVER THE BOTTOM OF
EACH CUP WITH RUBBER BANDS, AFTER FASTENING THE WRAP
WITH RUBBER BANDS, PULL THE FOOD WRAP UPWARDS SO THAT (T
IS HELD FLAT AGAINST THE BOTTOM OF EACH CUP, MAKE SURE .

« - 263
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THAT THE FOOD WRAP 1S NOT WCRN OR PUNCTURED; IT MUST
Yoo HOLD WATER INSIDE THE CUPS,
D. Now ADD THE PROPER SOlL SAMPLE TO EACH cup, EACH cuP
SHOULD BE FILLED TO THE SAME LEVEL,
E. PREOICT WHICH SOIL SAMPLE YOU THINK HAS THE GREATEST
WATER=HOLD [NG CAPACITYe WHICH HAS THE LEAST WATER=
HOLDING CAPACITY? WRITE YOUR PREDICTIONS [N YOUR NOTE=
BOOK o
Fe FILL A GRADUATED CYLINDER WITH WATER TO THE HIGHEST
MARKED LEVEL, PLACE THE CUPS IN A PAN. SLOWLY POUR
THE WATER INTO CUP A UNTIL THE SOIL IS COMPLETELY
SOAKED (SATURATED) AND A LITTLE WATER IS STANDING ON
TOP OF THE Solk, [N YOUR NOTEBOOK, RECORD THE NUMBER OF
MILLILITERS OF WATER REQUIRED TO COMPLETELY SOAK THE
SAMPLE, REPEAT wiTH cuprs B ano C,

INTERPRETATIONS ¢
le WHICH SAMPLE HAS THE HIGHEST WATER=HOLDING CAPACITY?
WHICH SAMPLE HAS THE LOWEST WATER«HOLDING CAPACITY?
2, How DOES THE PARTICLE SiZE OF EACH SAMPLE COMPARE
WITH ITS WATER=HOLDING CAPACITY?
PROCEDURES : N
G. TAKE THE OTHER 3 cupPs IN A PAN. LABEL THE cups D, E,
AND F. HoLD THE cup A oVvErR cup Dy QuUICKLY REMOVE THE
FOOD WRAP FROM SAMPLE A AND DISCARD IT AND ANY WATER
THAT HAS LEAKED INTO §Te ALLOW THE REMAINING WATER IN
THE SAMPLE TO DRIP INTO EMPTY CUP D, UNTIL IT DRIPS AT
= A RATE OF LESS THAN ONE DROP IN FIFTEEN SECONDS., RE~
PEAT FOR SAMPLES B AND C. MEASURE AND RECORD THE
AMOUNT OF WATER RECOVERED FROM EACH,.

[NTERPRETATIONS :

3. WHAT REASONS CAN YOU GIVE FOR ANY DIFFERENCES IN THE
AMOUNT OF WATER ADDED TO AND RECOVERED FROM EACH SOIlL
SAMPLE ?

4, WHAT PROPERTIES OF THE PARTICLES MAKING UP A SOIL SAMPLE
WOULD AFFECT THE WATER~HOLDING CAPACITY?

5e HOW MIGHT THE WATER=HOLDING CAPACITY OF UNDISTURBED
SOiL BE DIFFERENT FROM THE SOIL SAMPLES YOU USED?

ERIC
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EARTH & WHAT [T®S MADE OF
LEVEL: JuNIoOR HIGH

ACTIVITY: WHAT ARE SOME SCIENTIFIC METHODS TO IDENTIFY ROCKS?

MATERIALS:

SANDSTONE TALC STREAK PLATE
(uNGLAZED TILE)

L IMESTOME MAGNET ITE PENNY

MARBLE CHIPS NATIVE COPPER NAIL

CALCITE QUARTZ GLASS

PYRITE BOTTLE OF ACID STEEL FILE

HEMAT ITE MAGNET

PROCEDURE :
1. PUT ONE OR TWO DROPS OF ACID ON EACH OF THE ROCKS AND OBSERVE
WHAT HAPPENS., RECORD YOUR OBSERVATIONS IN COLUMN 1 OF THE
CHART FOLLOWING,

2. TOUCH THE MAGNET TO EACH ROCK, RECORD THE RESULTS IN COLUMN
2.

3. RUB EACH ROCK SAMPLE FROM 5 THROUGH 10 ON THE STREAK PLATE
(TiLE)s RECORD THE COLOR OF THE STREAK IN COLUMN 3,

4, THE HARDNESS KEY GIVEN BELOW WILL HELP YOU DETERMINE HOW HARD
EACH ROCK I1S. TEST EACH ROCK SAMPLE FRoM U THROUGH 12 TO
DETERMINE ITS HARDNESS, RECORD YOUR FIGURES IN CCLUMN 4,

SCRATCHING MATERIAL HARDNESS
SCRATCH WITH YOUR FINGERNAIL LESS THAN 2.5
SCRATCH WITH A PENNY BUT NOT WITH YOUR FINGERNAIL BETWEEN 2.5 AnD 3.0
SCRATCH WITH A NAIL BUT NOT WITH A PENNY BETWEEN"3 AND §
SCRATCH WITH A PIECE OF GLASS BUT NOT WITH NAIL BETWEEN 5 AND 6
SCRATCH WITH A STEEL FILE BUT NOT WITH GLASS BETWEEN 6 AND 7T

IF IT REMAINS UNSCRATCHED BY ANY OF THE ABOVE MORE THAN T

wHAT Do We LEARN?
1. WHICH ROCKS REACTED WITH THE ACID? CAN YOU FIGURE OUT WHY
THESE REACTED AND THE OTHERS DID NOT?

2. DO YOou THINK MANY ROCKS ARE ATTRACTED BY MAGNETS? WHY?
3. Do ALL ROCKS HAVE STREZAKS?

4. WHICH ROCK WAS HARDEST? WHICH WAS SOFTEST?

5. WHICH PICTURE ON THE FOLLOWING PICTURE SHOWS A TEST FOR

Q LIMESTONE? WHICH SHOowS A TEST FOR TALC? WHICH
ERIC SHOWS A TEST FOR MAGNETITE —
20O




Whot Do We Seet

Record your observations below.

Rock Sample
No. and Name

1
(Nid it
tubble?)

© 2
(Was it
attracted?;

Hardness

1.

Sandstone

. Limestone

Marhle

. Calette

Pyrite

Hematite

. Tale

Magnetite

Native Coppe,r

10.

Quartz
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EARTH & WHAT IT!'S MADE OF
Levet: JuntorR HigH

ACTIVITY: STuDY OF KINDS OF ROCKS

MATERIALS: (PER TEAM)

SED IMENTARY ROCK SET ' METRIC RULER

MINERAL SET IGNEOUS ROCK SET
BoTTLE DILUTE ACtD METAMORPHIC ROCK SET
HAND LENS

SED IMENTARY ROCKS

MoST SEDIMENTARY ROCKS ARE MADE OF MATERIALS THAT COME FROM THE
DESTRUCTION OF PREVIOUSLY EXISTING ROCKS. WHEN THIS MATERIAL IS
DEPOSITED AND CEMENTED TOGETHER BY PRESSURE AND CHEMICAL ACTION,
SEDIMENTARY ROCK 1S FORMED, STUDY OF SEDIMENTARY ROCKS CAN PRO-
VICE |NFORMATION ABOUT CONDITIONS THAT EXISTED LONB AGO WHEN THE
ROCKS WERE FORMED., ,
PROCEDURES :
A. STUDY THE SEDIMENTARY ROCKS, COMPARE THEM WITH A LABELED
SET TO FIND THE NAME OF EACH TYPE OF ROCK.,
B. ARRANGE THE ROCKS IN ORDER ACCORDING TO THE S)1ZE OF THE
PARTICLES OF ANCIENT DEPOSITED MATERIAL THEY CONTAIN,
RECORD THE NAMES OF THE SEDIMENTARY ROCKS, THE NAME OF THE
ROCK CONTAINING THE LARGEST PARTICLES SHOULD, BE LISTED FIRST
AND THE OTHERS ACCORDING TO DECREASING PARTICLE S1ZE, BESIDE
EACH NAME, MAKE A SMALL SKETCH OF THE SAMPLE, AND RECORD
THE AVERAGE PARTICLE S!ZE IN MILLIMETERS,

INTERPRETATIONS :
1. WHICH ROCK WAS FORMED FROM PARTICLES THAT WOULD SETTLE oOUT
OF RAPIDLY MOVING WATER?
2. WHICH ROCK WAS FORMED FROM PARTICLES THAT WOULD SETTLE OUT
OF SLOWLY MOVING WATER?
3. VHICH ROCKS WERE MOST LIKELY FORMED IN AN OCEAN OR LAKE?

PROCEDURES :
C. FOR t£ACH TYPE OF ROCK, LIST THE MINERALS YOU THINK IT
PROBABLY CONTAINS,
D. TeST EACH MINERAL WITH A DROP OF DILUTE AcliD, OBSERVE AND
RECORD ANY RESULTS AND THE! BLOT THE DROP WITH A WET PAPER
TOWEL, .
CAUTION: ACID CAN DAMAGE YOUR SKIN AND CLOTHING., BE CAREFUL NOT
TO SPILL {T,

£. TEST EACH ROCK WITH A DROP OF DILUTE ACID, AND RECORD ANY
RESULTS. THEN BLOT THE DROP WITH A WET PAPER TOWEL.
INTERPRETATIONS :
4, Dio pPrROCEDURE E GIVE INFORMATION ABOUT THE MINERAL CONTENT
OF THE SEDIMENTARY ROCkS? |F SO, WHAT ADDITIONAL INFORMATION

WAS GAINED?
) <67
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ProBLEM:

THE SEDIMENTARY ROCKS OF A CERTAIN ANCIENT RIVER BASIN CONSIST
MAINLY OF SANDSTONES. THERE ARE SOME CONGLOMERATES FOUND I[N THE
NORTHERN PART OF THE AREA AND SOME SHALES IN THE SOUTH, Do you
THINK THE RIVERS WHICH BROUGHT THE SEDIMENTARY MATERIAL TO THE AREA
FLOWED FROM THE NORTH OR FROM THE SOUTH?

PLUTONIC IGNEOUS ROCKS

VOLCANIC RCCKS ARE NOT THE ONLY ONES FORMED FROM MELTED MATERIAL.
ALL ROCKS FORMED FROM MOLTEN MATERIAL ARE CALLED 1GNEOUS(!G-NEE=US)
ROCKS. A COMPARISON OF DIFFERCNT ROCKS CAN GIVE INFORMATION ABOUT
THE DIFFERING CONDITIONS UNDER WHICH THEY WERE FORMED,

PROCEDURES $
A, EXAMINE THE IGNEOUS ROCKS AND CLASSIFY THEM INTO GROUPS
ACCORDING TO THE CONDITIONS !N WHICH YOU THINK THEY WERE
FORMEC, [N A NOTEBOOK, RECORD WHAT YOU THINK THESE CONDi=~
TIONS WERE AND THE NAMES OF THE ROCKS IN EACH GROUP.

INTERPRETATIONS ¢
1. WHICH ROCKS DO YOU THINK WERE FORMED AT THE GREATEST DEPTH
AND WHICH AT THE LEAST DEPTH? GIVE REASONS TO SUPPORT YOUR
ANSWER

PROCEDURES:
B, EXAMINE THE TWO ROCKS YOU HAVE NOT PREVIOUSLY STUDIED AND
. TRY TO DETERMINE THEIR MINERAL CONTENT, USE THE MAGNIFYING
LENS IF NLCESSARY,

INTERPRETATIONS ®

2. COMPARED WITH THE VOLCANIC ROCKS, IS IT EASIER OR HARDER TO
IDENTIFY THE MINERAL CONTENT OF THE TWO NEW IGNEOUS ROCKS?
WHY? .

?. WHAT MINERALS DO YOU THINK ARE IN THE TWO NEW IGNEOUS ROCKS?

., How couLDp YOU TEST- TO SEE-WHETHER [GNEOUS ROCKS CONTAIN

CALCITE?

5. DO ANY OF THE |GNEOUS ROCKS CONTAIN CALCITE?

METANMORPHIC ROCKS

PREEXIST ING ROCKS WH!ICH ARE CHANGED BY HEAT AND PRESSURE ARE CALLED
METAMORPHIC ROCKS, METAMORPHIC ROCKS MAY BE FORMED FROM SEDIMENTARY
OR IGNEOUS ROCKS. INSPECTION OF METAMORPHIC ROCKS CAN GIVE INFOR~
MATION ABOUT THE DEGREE OF METAMORPHISM WHICH HAS TAKEN PLACE=~THAT
1S, THE AMOUNT OF CHANGE WHICH HEAT AND PRESSURE HAVE PRODUCED [N
THE ROCKS,

PROCEDURES:
A, EXAMINE THE METAMORPHIC ROCKS AND ATTEMPT TO ARRANGE THEM
IN ORDER OF INCREASING SHININESS, ASSUMING THAT ALL OF THESE
ROCKS WERE ONCE SHALELIKE, DECIDE WHICH OF THEM HAS BEEN MOST
ALTERED., RECORD YOUR RESULTS IN ORDER FROM LEAST CHANGED TO:.
1MOST CHANGED,




O

ERIC

Aruitoxt provided by Eic:

254

INTERPRETATIONS :

Do ALL SIDES OF THE METAMORPH!IC ROCK SAMPLES REFLECT LIGHT
EQUALLY?

WHAT MINERAL MIGHT ACCOUNT FOR THE MANNER IN WHICH META-
MORPHIC ROCKS REFLECT LIGHT?

CAN YOU RECOGNIZE THIS MINERAL IN ANY OF THE ROCks? IF so,

*IN WHICH ONES?"

WHAT OTHER MINERALS CAN YOU RECOGNIZE IN THE METAMORPHIC
ROCKS? [N WHICH OF THE ROCKS DO THESE MINERALS APPEAR?
WHICH OF THE METAMORPHIC ROCKS MOST CLOSELY RESEMBLES
GRANITE? [N wHAT WAYS?

How DOES THIS ROCK DIFFER FROM GRANITE?

DESCRIBE A CHARACTERISTIC STRUCTURE OF METAMORPHIC ROCKS,
How MIGHT THIS STRUCTURE BE RELATED TO THE PRESSURE THAT
CAUSED THE MCTAMORPHISM?

~69
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EARTH AND WHAT IT IS MADE OF
. LEVEL: TTH = 9TH

ACTIVITY: WHAT'S GOING ON DOWN THERE ?
(A SIMPLE EXPERIMENT ON SEISMOLOGY)

MATERIALS: TwO SUPER=SLINKIES WEIGHT (LEAD SINKER)
MARKING PEN PAPER

INTRODUCTION: THE ONLY WAY THE GEOLOGISTS AND GEOPHYSICIST CAN
STUDY THE INTERIOR OF THE EARTH IS WITH THE SEISMOGRAPH., WE GET
INFORMATION FROM INSIDE THE EARTH IN THE SAME WAY WE GET INFORMATION
FROM LIGHT AND SOUND IN THE FORM OF WAVES. AND JUST LIKE A DOCTOR
LISTENING TO YOUR CHEST, OR A MECHANIC LISTENING TO YOUR 1MOTOR,

WE MUST FIRST LEARN HOW TO UNDERSTAND THE WAVES COMING FROM INSIDE
THE EARTH,

A. MY“WAVE CAN BEAT YOUR WAVE .

ALL WAVES HAVE CERTAIN THINGS IN COMMON. WAVES TRAVELING ALONG
SPRINGS WILL GIVE US CLUES ABOUT WAVES IN THE EARTH. )

LAY A SUPER=SLINKY ON THE FLOOR AND HAVE YOUR PARTNER PULL IT
I'N A STRAIGHT LINE OUT TO AT LEAST 30 FEET. ALL OF THE SUPER=SLINKY,
INCLUDING BOTH ENDS, SHOULD BE TOUCHING THE FLOOR. (YOU MAY HAVE
TO GO OUT IN THE HALL TO DO THIS ONE.) GIVE YOUR HAND; HOLDING THE
END OF THE SUPER=SLINKY, A QUICK JERK SIDEWAYS. THIS SENDS ONE
KIND OF WAVE DOWN THE SLINKY.

1. DESCRIBE WHAT YOU SEE AS THE WAVE GOES DOWN TO THE OTHER

END .

THIS 1S A CROSSWAYS OR TRANSVERSE WAVE. NOW TRY ANOTHER KIND
OF WAVE. GIVE YQUR HAND, HOLDING THE END OF THE SUPER~SLINKY, A
QUICK JERK BACK AND FORTH. THIS SENDS ANOTHER KIND OF WAVE DOWN
THE SLINKY.

2. DE'SCRIBE WHAT YOU SEE AS THIS WAVE GOES DOWN THE SLINKY.

THIS SECOND WAVE IS A COMPRESS|ON WAVE, Now LET's RACE THEM,

GET TWO SUPER=SLINKIES, SIDE BY SIDE, STRETCHED OUT STRAIGHT
TO THE SAME DISTANCE, WITH YOUR PARTNER HOLDING DOWN BOTH AT ONE
END, AT EXACTLY THE SAME MOMENT, SEND A TRANSVERSE WAVE DOWN ONE
AND A COMPRESSION WAVE DOWN THE OTHER. (IF THIS IS DIFFICULT TO
DO ALONE, YOU MAY WANT ANOTHER TEAM=MEMBER TO WORK WITH YOU, AND
SOMEONE TO GIVE THE SIGNAL: "ONE-TWO~THREE.")

3. WHICH KIND OF WAVE GOT DOWN TO THE END FIRST?

h. IF TWO sucH ES START TOGETHER FRCM AN EARTHQUAKE, HOW
wiLL THEY BE CEIVED A SHORT DISTANCE AWAY?

5. WHAT WILL CHANGE |F THEY COME FROM A LONG DISTANCE AWAY?

B. GET THE MESSAGE
TELEPHONES, RADIOS, TELEVISION RECEIVERS, AND RECORD PLAYERS
ALL WORK BY CONVERTING WAVES YOU CAWCT INTO WAVES YOU SEE

may 20




OR HEAR. |IN ORDER TO STUDY EARTHQUAKE PATTERNS WE MUST DETECT THE
TRANSVERSE AND COMPRES310N WAVES COMING THROUGH THE EARTH.

TIE A WEIGHT TO THE END OF ABOUT A METER OF LIGHT STRING,
CHOCSE A WEIGHT LIKE A LEAD SINKER SO YOU CAN ATTACH THE STRING AT
THE TOP CENTER. HOLD THE END OF THE STRING. THE WEIGHT SHOULD
HANG JUST OFF THE FLOOR, NEITHER SPINNING NOR SWINGING. StowLY
MOVE YOUR HAND FRCM SIDE TO SIDE,

6. WHAT DOES THE WEIGHT DO?

7. MoVE YOUR HAND FROM SIDE TO SIDE QUICKLY. WHAT DOES THE
WEIGHT DO THIS TIME?

8. |f THE FLOOR MOVED SIDEWAYS, WHAT DO YOU THINK THE WEIGHT
WOuLD DO?

HoLp A MARKING PEN STRAIGHT UP AND DOWN OVER A PIECE OF PAPER.
MOVE YOUR HAND FROM SIDE TO SIDE SLOWLY AS YOUR PARTNER PULLS THE
PAPER WITH A STEADY MOTION., (DON'T TRY TO DO BOTH THINGS YOURSELF.)

9. DESCRIBE THE MARKS ON THE PAPER.

10, PULL THE PAPER AT THE SAME SPEED AGAIN, How DO THE MARKS
CHANGE WHEN YOU MOVE YOUR HAND FASTER?

PRIMARY WAVES SECONDARY WAVES
1:49 A, 1:50 1:51 1:52 1:53 1:54 1:55 1:56 1:57 1:58 1:59  2:00 A,

i { } 1 ! ! I I | lI I §

! ; : \ ! }

1 i 1 | ! 1 | i 1 { et

RUMAN AN EARTHCQUAKEL
Novemser 10, 1940

THE SEISMOGRAPH 15 AN INSTRUMENT THAT DRAWS EARTHQUAKE WAVES, IT
HAS A WEIGHT, A PEN, ANO A MOVING STRIP OF PAPER, |T RECORDS A
WiGGLY LINE MINUTE BY MINUTE. JUST AS YOU GOT DIFFERENT=-LOOKING
RESULTS WHEN YOU MOVED YOUR HAND FASTER OR SLOWER, THE SEISMOGRAPH
SHOWS A PICTURE OF THE CIFFERENT KINDS OF WAVES REACHING 1T,

O
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YOu TCuND THAT COMPRESSION WAVES MOVE FASTER THAN TRANSVERSE
WAVES, THEY HAVE BCEN TIMED AND THEIR SPEEDS COMPARED. THE DATA ‘
ZrE IN TaBLE No, 1, THE FASTER, COMPRESSION WAVE IS CALLED THE
PRIMARY WAVE, THE SLOWER, TRANSVERSE WAVE IS THE SECONDARY WAVE.

i ‘ TIME BETWEEN PRIMARY
M MiLes Frowm AND SECONDARY WAVES
SOURCE
' MINuTES . chpuos

1,000 : 2 i
2,000 | 4 Y
g,ooo 6 27
,000 8 00

,000 9 2
g,ooo 10 ' 142
7,C00 11 49

11. LOOK AT THE SECOND COLUMN OF TABLE No. 1. HOw MUCH TIME
WAS THERE BETWEEN THE FIRST PRIMARY WAVE AND THE FIRST
SECONDARY WAVE, IF THE SEISMOGRAPH WAS 2,000 MILES FROM
THE EARTHQUAKE?

12, LOOK AT THE RECORD OF THE RUMANIAN EARTHQUAKE OF NOVEMBER
10, 1940, WHEN DID THE BIG SECONDARY WAVES BEGIN?
. ESTIMATE THE TIME {N MINUTES AND SECONDS BETWEEN THE
BEGINNING OF THE PRIMARY WAVES AND THE BEGINNING OF THE
SECONDARY WAVES.,

13. WHAT TIME D:D YOU GET?

il, WHAT OISTAIHCE DO YOU GET?

A MODEL SEISMOGRAPH MAY BE BUILT BY SUSPENDING A WEIGHT FROM
A SUPPORT SUCH AS A RING STAND. FASTEN A PENCIL TO THE WEIGHT SO

THAT IT JUST TOUCHES A PAPER UNDERNEATH., BUMP THE TABLE., WHAT
HAPPENS?

«>r ()
Av € A
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EARTH AND WHAT [T IS MADE OF
Lever: 8th - 9w

ACTIVITIES: [INVESTIGATING ROCKS AND MINERALS

MATERIALS: SoLID GRANITE MAGNIFIER

CRUSHED GRANITE TEASING NEEOLE

To THE TeAcCHER: HAVE THE STUDENTS EXAMINE A SOLID PIECE OF GRANITE.
AFTER A FEW MINUTES HAVE EACH GROUP OBTAIN CRUSHED MATER}AL. THE
STUDENT3 ARE TO DIVIDE THE ROCK PIECES INTO PILES OF SIMILAR LOOKING
MATERIALS AND DESCRIBE EACH PILE, ¢

MOST DESCRIPTIONS wWiLL INVOLVE COLOR AND SHAPE,

STUDENTS SHOULD HAVE AT LEAST THREE PILES: QUARTZ, FELDSPAR,
AND MICA,

MINERAL DESCRIPTION FOR THE TEACHER:

QUARTZ~ TRANSPARENT, SHINY, GLASSY; BREAKS |RREGULARLY.
BioTITE (MicA)= BLACK, SHINY, AND FLAKY.

MUSCONITE (M1CA)= TRANSPARENT OR YELLOWISH, SHINY, AND FLAKY.

FELDSPAR= ROSE, PINK, MILKY OR COLORLESS; CHUNKY, BREAKS ANGULARLY .«

HORNBLENDE= DULL, GREENISH=BLACK; ELONGATED.




EARTH AND WHATHIT IS MADE OF
Lever: OTH = 9TH

ACTIVITY: INTERNAL TEMPERATURE OF THE EARTH

MATERIALS: GRAPH PAPER
COLORED PENCILS

. INVESTIGATION
THE DATA GIVEN IN TABLE | BELOW ARE AVERAGE TEMPERATURE MEASUREMENTS.
THE RATE OF CHANGE IN TEMPERATURE IS KNOWN AS THE TEMPERATURE GRADIENT.

Y TasLe |
ofL FIELD A OfL FIELD B ' OIL FIELD C
2l mevers 3055 ? 36l meTers  34OC f 396 MeTERS 340C
610 h2 (. 855 47 - 610 46
100 54 1300 68 1050 62
1280 12 5 1580 8o 1465 12
1700 &8 , 1830 97 | 1830 84
21ho 99 " 2380 108 2075 102

INTERPRETATION:
1. PLOT THE VALUES OF TaBLE | ON THE GRAPH. [F POSSIBLE, USE
DIFFERENT=COLORED PENCILS FOR EACH SET OF DATA.

3060 , a
2800 ; : , —

) gﬁgg ! ! | 1 I ! ! 1 ! ! I } | 1
2200
2000
1800
1600 —
140
s 100
“1000 -
%88 . ] 1 r 1 1 i I P P
400 — e .
200 —~ : .

I { 1 i 1 { | 1 t I a1 ! 1 1
10 20 30 4% 50 60 70 80 90 100 110 120 130 140 150

TemperATURE In DeEGRees C

* rars

.

T =0 mO

4

w DM —-tm
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2. AT THE Y4C0-METER AND 2CCO-METER LEVELS, DRAW A HOR|ZONTAL
LINE WHICH INTERSECTS THE THREE GRAPHS. THEN COMPLETE THE
FOLLOWING TABLE.

O TeEmP, AT . Temp. AT TEMP. GRADIENT
FIELD 4C0-M LeEVEL 20C0~M LEVEL PER KILOMETER
A
8
C

3« WHAT 1S THE AVERAGE TEMPERATURE PER KILOMETER FOR THE THREE
oiL FIELDS? (NEAREST DEGREE)

CALCULATIONS:

L, i; THE AVERAGE TEMPERATURE CONSTANT THROUGHOUT THE DEPTH,
OR DOES IT CHANGE APPRECIABLY?

5. WHAT 1S THE AVERAGE TEMPERATURE GRADIENT PER KILOMETER OF
DEPTH FOR EACH OF THE THREE oiL FIELDS? OIL FleELD A
OiL FleLo B OiL Fi1ELD C

6. How DOES THE AVERAGE TLMPERATURE GRADIENT OBTAINED IN
QUESTION 5 COMPARE WITH THAT OBTAINED FROM THE GRAPH?

7. ASSUMING THAT THE SAME GRADIENT PERSISTS WITH DEPTH, WHAT
WOULD BE THE TCMPERATURE AT THE CENTER OF THE EARTH? (THE
DIAMETER OF THE EARTH 15 APPROXIMATELY 12,8C0 KILOMETERS.)

Q} CALCYLATIONS :

8. s THE ESTIMATE OBTAINED IN QUESTION T REASOMNABLE?
SUPPORT YOUR ANSWER

Q .
EMC (vP?('"
Y]

k3
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EARTH AND WHAT IT S MADE OF
LeveL: STr=12TH

ACTIVITY: loenTiFlicaT!ON OF MINERALS

MATERIALS: MINERALS TO BE TESTED
MINZRCLOGY BOOK SUCH AS
DANA'S MANUAL OF MINEROLOGY

LABORATORY On MINERALS

WHAT 1S A MINERAL? A MINERAL AND iTS PROPERTIES ARE DETERMINED
ey (1) CHEMICAL COMPOSITION (THE KINDS OF ATOMS PRESENT), WHICH IS
FIXED WITHIN CERTA:N LIMITS, AND {2) CRYSTAL STRUCTURE (THE ARRANGE=
MENT OF THE ATOMS). THOUGH MANY SUBSTANCES SATISFY BOTH THESE
REQUIREMENTS, WE 0O AOT GRDINARILY REGARD THEM AS MINERALS UNLESS

THEY OCCUR IN A ATUFAL STATE.

PROPERTIES
COLOR
THE COLOR OF A MINERAL IS USUALLY NOTICED FIRSTs THOUGH IMPOR=~
TANT {T IS SELDOM DIAGNOSTIC BY ITSELF, AS MANY MINERALS VARY WIDELY
IN COLOR.

STREAK

THE CCLOR OF THE POWDER FROM A MINERAL 1S CALLED THE STREAK.
To OBTAIN THE STREAK, RUB THE MINERAL ON A PIECE OF UNGLAZED PORCE=~
LAIN OR MAKE A SMALL AMOUNT OF POWDER B8Y SCRATCHING THE SURFACE" OF
THE MINERAL WITH A ~“NIFE BLADE. MINERALS HARDER THAN THE PORCELAIN
OR KNIFE WiLL LEAVE 1,0 STREAK, AND THE STREAR IN SUC' CASES IS
USUALLY SAID TC BE WHITE,

HARDNESS
THE HARDUMESS 12 DETERMINEC BY SCRATCH TeSfS. On THE BASIS OF
THESE THE HARC'.ESS SCALE HAS BEE!. SET UP.

TaLe (SOFTEST OF ALL ROCHS )mm=m== 1
GYPSUM =memmemcee—cen- ———————————— 2
CALCITE =mmmecmmmcn e m e — e g
FLUDRITE ~=memmecemcmccccenean— -
APATITE wmmmmesmcccmeen——- e 5
FELDSPAR ===emm=mmwm—m A —— O
{WARTZ =ewmmmemmmm——e—e——— e —— g
TOPAL =mme—mmrme—w——— . ————
SAPPHIRE mmem—e—cecamme—e e ————— --9
DIAMOND ====mewmm—= e ——— =10
To ROUGHLY ESTIMATE THE HARDNESS GF MINCRALS, THE FOLLOWING VALUES
ARE USEFUL.
FINGER NAILS==-==2.5 KNIFE BLADE=====5.5
CoPPER PENNYw====3.0 GLASSmemmmananah §
QUARTZ~=mmmm=eeaT,0

o
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SPECIFIC GRAVITY

MINERALS VARY IN WEIGHT PER UNIT VOLUME. QUARTZ AND CALCITE
ARE LIGHT AND GOLD AND GALENA ARE HEAVY. AN EXACT MEASURE OF THIS
PROPERTY IS CALLED SPECIFIC GRAVITY, AND 1S DETERMINED BY DIVIDING
THE WEIGHT OF THE MINERAL BY THE WEIGHT OF AN EQUAL ‘VOLUME OF WATER.
THUS, WHEN WE SAY THAT GOLD HAS A SPECIFIC GRAVITY OF 19, WE MEAN
THAT A CUB{C INCH OF GOLD WEIGHS 19 TIMES AS MUCH AS A CUBIC INCH
OF WATER.

CLEAVAGE AND FRACTURE

CERTAIN MINERALS HAVE A TENDENCY TO CLEAVE, PRODUCING A SERIES
OF SMOOTH FLAT SURFACES, A GOOD EXAMPLE OF A SINGLE CLEAVAGE wOULD
BE MICA. A CLEAVAGE IS THE RESULT OF A CRYSTAL STRUCTURE.

IF THE CRYSTAL DOES NOT BREAK ALONG A CLEAVAGE SURFACE, IT MAY
FRACTURE., QUARTZ SHOWS NO CLEAVAGE BUT DOES HAVE A DISTINCTIVE
SHELLSHAPED FRACTURE CALLED A CONCHOIDAL FRACTURE,

MINERAL DESCRIPTION FORM

]
.+ CoLor CoLorR OF CLEAVAGE HARCNESS OTHER NAME AND ' USES "
STREAK OR CHARACTERISTIFS  CueMicaL Comp. i
FRACTURL | ;
'
!
{
f
. ’ i
I
¢
!
|
|
£»
AP




CHANGES IN EARTH SURFACE
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EARTH SCIENCE- CHANGES ON CARTH SURFACE

PETROLEUM ENGINEER

GEOPHYSICS

OCEANOGRAPHER

ELEMENTARY TEACHER

TECHNICAL WRITER

AGRICULTURAL EXTENS{ON WORKER
FARM CROP PRODUCTION TECHNICIAN
Fisn & WiLoLIFE TECHNICIAN
OrCHARD TECHNICIAN

PARKS LanD MANAGEMENT TECHNICIAN
Soit CONSERVATIONIST

STRUCTURAL STEEL WORKER

GEOLOGIST

METEOROLOGIST

SURVEYOR

TEACHER SECONDARY=COLLEGE
URBAN PLANNER

DAIRY PRODUCTION TECHNICIAN
FARMING

FoRESTER

HORT I CULTURIST

Ranct MANAGENENT

SolL SCIENTIST

\




CHANGES ON EARTH SURFACE
LEvEL: Junior HiGH
ACTIVITY: InTrRooucTioN TO CONTOUR MAFPS

MATERIALS: CONTOUR MAP PRINT OUT
LAB ACTIVITY WORK SHEET

PROCEDURE @




11.A

12,

13.
14,

5.

16.
17.

2C0

245

DEFINE CCNTOUR LINE,

DEFINE CONTOUR INTERVAL.

WHAT S THE CONTOUR INTERVAL OF THIS MAP?
NUMBER ALL THE CONTOUR LINES

WHAT IS THE SCALE OF MILES OF THIS MAP?

BY MEANS OF THE SCALE, MEASURE THE DISTANCE FROM THE TOP OF HILL
"B" 70 THE TOP OF HIitL "A",

WHICH SIDE OF THE HILL "A" HAS THE STEEPESY SLOPE?
HOwW CAN YOU TELL WHETHER A LAND FORM HAS STEEP OR GENTLE SLOPES?

IN WHAT DIRECTION FrROM HILL "A" 1Is niLL "B"?

WHAT 1S THE ELEVATION ABOVE SEA LEVEL OF HILL "A"?

WHICH OF THE TWO HILLS IS HIGHER? 8HOw MUCH HIGHER?

IF YOU CLIMBED TO THE TOP OF HILL "B" rroM C, HOW MANY FEET WOULD
YOU cLimMB?

IN WHAT DIRECTION IS (HE Rep RIVER FLOWING?

How DOES A CONTCUR MAP SHOW THE DIRECTION IN WHICH A RIVER IS FLOWING?

SHADE THE AREA ON THE MAP WHICH WOULD BE UNDER WATER |F THE SEA LEVEL
ROSE 40 reeT.

FIND THE GRADIENT OF THE Rep RIVER FROM POINT D TO THE OCEAK.

CONSTRUCT A PROFILE FROM X TO Y AS FOLLOWS: DRAW A LINE ON THE MAP
FROM X TO Y. LAY A STRAIGHT EDGE OF A SHEET OF PAPER JUST UNDER THIS
LINE XY. MARK ON THE PAPER WHERE EACH CONTOUR LINE AND THE Reo RIVER
BANKS INTERSECT THE EDGE, MARK THE ELEVATION OF EACH POINT ON THE
PAPER, ASSUME THE SURFACE ELEVATION OF THL RIVER 15 30 FEET. TRANS=
FER THE MARKS AND FIGURES TO THE BASE LINE XY BELOW. PLOT THE ELEVA=-
TION OF EACH OF THESE POINTS USING THE VERTICAL SCALE GIVEN BELOW.
LABEL THE TWO HILLS AND THE VALLEY.

FT.

1F0)

120

80

40

-
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CHANGES ON EARTH SURFACE
LeveL: Junior HigH

ACTIVITY: LanpscaPe EvorLuTion & DRAINAGE SYSTEMS

MaTeriALs: Die (cice)
QuADRILLE PAPER .
A MA® OF A DENDRITIC DRAINAGE PATTERN

IMAGINE RAIN FALLING ON A SMOOTH, SLOPING AREA OF THE EARTH'S SUR=-
FACE, SOME OF THE DROPS SOAK INTO THE SURFACE, AND OTHERS EVAPO=-
RATE BACK INTO THE ATMOSPHEREe. THE REST OF THE DROPS FLOW ALONG

THE SURFACE. CACH MOVES DOWNSI.OPE UNTIL [T COMES TO SOME SMALL
OBSTACLE. WiLL THE DROP THEN PASS TO THE LEFT OR TO THE RIGHT OF
[HE OBSTACLE? IT 1S NOT POSSIBLE TO PREDICT THIS. SUCH AN UNPRE=
DICTABLE EVENT IS SAID TO BE RANDOM, [N THIS INVESTIGATION YOU WiLL
PRODUCE SOME RANDOM PATHS, :

PROCEDURES @ .

A. SELECT ONE OF THE LONG SIDES OF THE PAPER TO REPRESENT DOWN=
SLOPE., REPRESENT THE DOWNSLOPE BY A SHORT ARROW DRAWN PAR-
ALLEL TO AND NEAR E!THER OF THE SHORTER SIDES OF THE PAPER,

B. PLACE ABOUT FORTY DOTS ON THE SHEET OF PAPER AS FOLLOWS:
£ACH DOT SHOULD BE LOCATED AT A CORNER OF ONE OF THE SMALL
SQUARES RULED ON THE PAPER; THE DOTS SHOULD BE SPACED FAIRLY
UNIFORMLY, BUT THERE SHOULD BE NO ORDER OR PATTERN TO THEM.
THE DOTS WILL REPRESENT DROPS WHICH WiLL MOVE DOWN THE SUR=
FACE ACCORDING TO THE FOLLOWING RULES:

1. IN §TS TURN EACH DROP |S MOVED ONE SPACE, AND ITS PATH
IS MARKED BY A PENCIL LINE ON THE PAPER.
2. BEFORE IT IS MOVED, THE OROP'S PATH 1S DETERMINED BY

ROLLING THE DIE. A ROLL OF 1 OR 2 ON THE DIE DETERMINES

THAT THE PATH WILL BE DIAGONALLY DOWNSLOPE TO THE LEFT,

A 3 OR h, THAT T WILL BE DIRECTLY DOWNSLOPE, AND A 5 OR

{, THAT IT WILL BE DIAGONALLY DOWNSLOPE TO THE RIGHT.

(WOTE THAT THE NUMBER ON THE DIE INDICATE DIRECTION

ONLY, AND NOT DISTANCE, )

Ity GENERAL, UPSLOPE DOTS SHOULD BE ROLLED FOR AND MOVED

BEFORZ LOWER DOTS Aie MOVED, 0[O :OT MCVE DOTS DOWNSLOPE

UNTIL ALL UPPER DOT5 HAVE PROGRESSED DOWN TO THEIR LEVEL.

L, ONCE A DROP INTERSECTS THE PATH OR LOCATION OF ANOTHER
UROP, THE TWO MOVE TOGETHER, AND THEIR PATH IS REPRESENTED
8Y TWO PEMCIL LINES SIDE=BY~SIDE, A SINGLE ROLL OF THE
DIE WILL DETERMINE THE DIRECTION OF THEIR JOINT MOVE.

IF A THIRD DROP JOINS [, THE THREE WILL THEREAFTER MOVE

TOGETHER, AND THEIR PATi# IS MARKED BY THRECE PARALLEL

LINES, AND SO ONM,

5. OTHER THINGS BEING EQUAL, LARGER AMOUNTS OF WATER MOVE
MORE READILY DOVN A SLOPE THAN DO SMALLER AMOUNTS. [N
ORDER T© ACCOUNT FOR THIS, THE LENGTH OF A MOVE |S DETER=-
MINED BY THE NUMBER OF DCTS REPRESENTED IN THAT MOVE!
SINGLE DROPS MOVE ONE SPACE EACH ROLL; TwWO TOGETHER
MOVE TWO SPACES IN THE DIRECTION DETERMINED BY A SINGLE

ROLL.
o 2
™
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PROCEDURES :
C. RoOLL THE OIE AND DRAW THE PATHS FOR THE DOTS UNTIL ALL HAVE
MOVED OFF THE SHEET. COMPARC YOUR RESULTS TO A MAP OF AN
ACTUAL DRAINAGE PATTERN OF DENDRITAC OR TRELLIS,

INTERPRETAT I ONS
1. [N WHAT WAYS DOES THE PATTERN PRODUCED BY MOVING THE DOTS |
RESEMBLE THE DRAINAGE PATTERN OF A DENDRITIC SYSTEM?
2. IN WHAT WAYS DOES THE PATTERN YOU PRODUCED DIFFER FROM THE
DRAINAGE PATTERN OF A DENDRITIC SYSTEM?
3¢ HOw MIGHT THE RULES SBE CHANGED TO PRODUCE A PATTERN THAT
CORRESPONDS MORE CLOSELY TO THE DRAINAGE PATTERN?

ERIC
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CHANGES [N EARTH SURFACE
Lever: T[TH=10TH

ACTIVITY: GROWTH OF PLANTS IN DIFFERENT SoiLs

PROBLEM:

YoU KNOW THAT THE GROWTH OF MOST PLANTS USUALLY OEPENDS ON THE
TYPE OF SOIL IN WHICH THEY ARE GROWN, THUS, SOME SO!LS ARE MORE
FERTILE THAN OTHERS. WHAT ARE THE RESULTS OF GROWING THE SAME KINOS
OF PLANTS IN TOPSOIL AHD IN sussoiL?

MATERIALS:
TWO LARGE FLOWERPOTS RADISH SEEDS
SAMPLES OF TOPSOlL AND SUBSOIL

PROCEDURE :

LOCATE AN OPEN FIELD OR VACANT LOT WHERE THE GROUND HAS NOT BEEN
CULTIVATED, AND DIG DOWN TO OBTAIN SAMPLES OF THE SolL. FiLL ONE
FLOWERPOT WITH THE DARKER TOPSOIL FOUND A FEW INCHES BELOW THE SUR=
FACE OF THE GROUND. DIG DOWN DEEPER AND FILL THE SECOND FLOWERPOT
WITH SUBSOIL FOUND 12 INCHES OR MORE BELOW THE SURFACE,

PLANT ABOUT 15 RADISH SEEDS WHICH HAVE BEEN SOAKED IN WATER OVER-
NIGHT [N EACH FLOWERPOT, WATER BOTH POTS REGULARLY AND KEEP THEM
IN A WARM, LIGHTED CONDITION, BUT NOT IN DIRECT SUNL{GHT. OBSERVE
ANY DIFFERENCES IN THE GROWTH OF THE RADISH PLANTS,

OBSERVATIONS :
FiLe v THE ForrLowiIng TasLe AND Drav Conswusiows,
PLanTs Grown 1N Topsolt Prants Grown (11 SussolLs

\ LengTs —

of iNO‘ of 'AVERAGE AVERAGE AVERAGE No. ufF AVERAGE ' /\WECRAGE AVERAGE
i GROvine: PLANTS  HetoHT  No, ofF  DiAMETER | PLANTS  HelGuT | No, oF  DIAMETER

Pertoo [GROWING OF  Leaves  ¢F RooTs " CrROW!INIG OF Leaves . oF Roots
. FLANTS PLANLTS
: ‘

% oavs !
© 6 pAYS
o

8 pavs
1 s
[ 12 oAYs
l 12 DAYS ¢
, 14 pavs ‘ 3 1

A MEAN

ERIC
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WHY ARE MEASURES TAKEN TO PREVENT EROSION OF FARt4 LANDCS IMPORTANT AS
$ OF PREVENTING THE LOSS OF SOIL FERTILITY?
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CHANGES [N EARTH SURFACE
LEVEL: Jr. HIGH OR HiGH ScHoOoL

ACTIVITY: Measure AMounT OF SoiL Loss

You CAN MEASURE HOW MUCH SOtL HAS BEEN ERODED AWAY IN SEVERAL
WAYS., YOU MAY WANT TO TRY ONE OF THE FOLLOWING IN YOUR NE1GHBORHOOD:
1. FIND A CULTIVATED FIELD WHERE THE SLOPE HAS AT LEAST A 5-

FOOT FALL IN 100 FEET OF HORIZONTAL DISTANCE. TRY TO FIND
A FIELD THAT HAS BEEN Ii CULTIVATION FOR SOME TIME. You
CAN CHECK THIS INFORMATION ABOUT THE FARM WITH THE OWNER
OR THE NE}GHBORS,

DiG A SMALL HOLE OEEP ENOUGH TO GET BELOW THE TOPSOIL
LAYER, THEN CUT OFF A SLICE AN INCH OR MORE THICK ALONG
THE VERTICAL SIDE OF THE HOLE, LAY THIS SLICE ON THE
GROUND AND STUDY 1T, NOTE THE DEPTH OF THE TOPSOIL LAYER,
STUDY THE STRUCTURE==<HOW THE PARTICLES ARE HELD TOGETHER.
ARE THEY TIGHT AND DOES THE SOJL HOLD TOGETHER IN UARGE
Lumps {cLops)? OR IS IT CRUMBLY LIKE CAKE?

DiG ANOTHER HOLE IN THE FENCE ROW AT THE EDGE OF THE
FI1ELD OR JUST ACROSS THE FENCE IN A PASTURE THAT HAS NOT
BEEN PLOWED. TRY TO DIG THE SECOND HOLE AT ABOUT THE SAME
POINT ON THE SLOPE AND AS CLOSE TO THE FIRST ONE AS POSSIBLE,.
STUDY THE SOIL LAYERS AS YOU DID WiITH THE FIRST SAMPLE,
LAY THE TWO SAMPLES SIDE BY SIDE AND COMPARE THEM. Com=
PARE THE DEPTH OF THE TOPSOIL LAYER AND THE STRUCTURE
OF THE SOIlL.

2. FInD A FIELD WHERE THERE IS A FENCE BUILT ACROSS THE SLOPE,
COMPARE THE HEIGHT OF THE LAND AT THE FENCE ROW WITH THAT
IN THE FIELD DOWN THE SLOPE, To DO THIS ATTACH A STRING
TO A STAKE DRIVEN IN THE GROUND ABOVE THE FENCE ROW, FroM
A SPOT DOWN THE SLOPE, PULL THE STRING PARALLEL TO THE
GROUMD LINE ABOVE THE FENCE AND MEASURE FROM IT TO THE

GROUND »

\\

3. MEASURE THE ~0WTH OF A GULLY. FIND ONE THAT\ IS CUTTING
DEEPER AND FARTHER INTO THE FIELD WITH EACH RAIN. DRIVE
WwOODEN PEGS 10 TO 15 FEET ABOVE THE GULLY HEAD AND ON EACH
SiDE OF THE GULLY, AFTER EACH RA!IN, MEASURE FROM EACH STAKE
TO THE NEAREST EDGE OF THE GULLY TO SEE HOW MUCH THE GULLY
HAS GROWN. DO THIS AFTER SEVERAL RAI:lS AND COMPARE YCUR
MEASUREMENTS TO SEE HOW MUCH THE GULLY HAS GROWN SINCE YOU
FIRST SET THE STAKES, By MEASURING THE WIDTH, DEPTH, AND
LENGTH OF THE GULLY, FIGURE OUT HOW MANY cualc FEET OF

SOIL HAVE BEEHN LOST.

{NTERPRETATION:
SolL WASHED FROM A FIELD IS NOT NECESSARILY LOST FOREVER, But

FOR ALL PRACTICAL PURPOSES IT MAY BE LOST FOR A VERY LONG TIME.
THE SolL FILLS THE BOTTOM OF A LAKE, FOR EXAMPLE, IS STILL SOIL,
BUT IT 1S USELESS FOR AGRICULTURE. SOIL THAT IS PILED DEEPLY AT THE
LOWER EDGE OF A FIELD COVERS OTHER SOIL, MAKING IT USELESS. AND soOIL

THAT 1S CARRIED TO THE SCA M THERE, TURN TO ROCK, AND LATER BE
RAISED FROM THE OCEAN FLOOR i LOGIC ACTION TO BE BROKEN DOWN

AGAIN INTO SOIL, -
L3 »
283 .
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THE FIRST PERSON TO SUFFER FROM LOSS OF SOIL USUALLY, THOUGH
NOT ALWAYS, [S THE FARMER. MANY EXPERIMENTS HAVE SHOWN THAT IN
GENERAL THE DEEPER THE "RIGINAL TOPSOIL THE HIGHER THE YIELD OF CROPS.

IN MISSOURI TOPSOIL 12 INCHES THICK FRODUCED Gl BUSHELS OF CORN
PER ACRE WHILE TOPSOIL 4 INCHES DEEP PRODUCED 8 BUSHELS. THE SOILS
WERE SIDE BY SIDE AND RECEIVED THE SAME TREATMENT,

IN WASHINGTON, WHEAT YIELDED 35 BUSHELS PER ACRE ON TOPSOIL
11 INCHES DEEP, BUT ONLY 23 BUSHELS ON TOPSOIL 5 INCHES DEEP,

SO THE FARMER LOSES WHEN HE LOSES TOPSOl!L. HIs CROP YIELDS
GO DOWN, THE COST OF PRODUCING EACH BUSHCL OF GRAIN OR POUND OF
MEAT GOES UP. AND, HE MAKES LESS MONEY OR BVEN LOSES MONEY.

PEOPLE WHO DO NOT LIVE ON THE LAND DEPEND ON THE FARMER TO GROW
THEIR FOOD. THE SURFLUS THAT HE GROWS BECOMES THEIR THREE MEALS
A DAY. ACTUALLY, WHOLE CIVILIZATIONS DEPEND |ON THIS SURPLUS.
THE PRIMARY PRODUCTRS==THE FARMERS==MUST SUPHLY A SURPLUS OF FOOD,
CLOTHING, SHELTER, AND OTHER NECESSITIES BEFORE THE ARTISANS, ENGI=
NEERS, SCIENTISTS, PHILOSOPHERS, WRITERS, ANDXOTHERS CAN LIVE.

FEW NATIONS EVER ADVANCED THEIR CIVILIZATION WHILE ALL THEIR PEOPLE
PRODUCED THEIR OWN FOOD, CLOTH{NG, AND SHELTER DIRECTLY FROM THE SOIlL.
WE CAN FIND PLENTY OF EVIDENCE THAT COUNTRIES THAT LOST THEIR
ABILITY TO PRODUCE A SURPLUS ACTUALLY LOST THEJR CIVILIZATIONS TOO.

ALL ACROSS THE CONTNENT OF Asta ANO INTO EUrRORE AnD NorTH AFRicA,
FOR EXAMPLE, YOU CAN FIND CENTERS OF FORMER CIVILIZATIONS THAT ARE
NOW AMONG THE BACKWARD AREAS OF THE WORLDe [T [S TRUE THAT CON-
QUERING HORDES THAT REPEATEOLY OVERRAN THESE COUNTRIES SACKED AND
RAZED TdE CITIES, BuT WHERE SOIL AND OTHER Rssduncs§ REMAINED THE
CITIES WERE USUALLY REBUILT. [T WAS ONLY AFTER THE LAND WAS DEPLETED
OR EXHAUSTED THAT THE FIELDS BECAME BARREN AND THE CITIES WERE NOT
REBUILT, '

" How BADLY HAS ZROSION HURT AMERICA? ACCORDING TO THE BEST INFOR-
MATICN WE NOW HAVE, 25 MILLION ACRES OF LAND ONCE! SUITABLE FOR
CGULTIVATION HAS NOW BEEn LOST, EVERY YEAR WE ARE\LOSING ANOTHER
400,000 Acres o eroston AnD 1C0,0CO ACRES TO WATERLOGGING, SALTING,
ANG SEDIMENT DEPOSITION. IN ADDITION TO THESE LOSSES, EVERY YEAR
MORE THAN A MILLION ACRES ARE BEING TAKEN OUT OF AGRICULTURAL USE
AND PUT INTO HIGHWAYS, URBAN DEVELAPMENT, AIRPORTS, AND OTHER NON-
AGRICULTURAL USES.

WHAT ABOUT THE LAND WE NOW HAVE? OF OUR TOTAL oF 478 miLLion
ACRES NOW It CJLTIVATION; 121 MILLION 1S, SUBJECT TO A CRITICAL RATE
OF DAMAGE. ANCTHER 128 MILLION IS SUBJECT TO SERIOUS DAMAGE.
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CHANGES [N EARTH SURFACE

N Lever: JR. HigH OR HigH ScHoou

ACTIVITY: THE FieLo TRip To STuoy THE CHANGES it THe EARTH'S SURFACE

ALTHOUGH CERTAIN ASPECTS OF GEOLOGY CAN BEST BE TREATED IN THE
LABORATORY, IT IS STILL AS TRUE AS EVER THAT THIS IS A FIELD SCIENCE,
To THE BEGINNER !N GEOLOGY, THE FIELD TRIP IS SUPERIOR TO THE VAR=
lous VvISUAL AlDS USED IN THE CLASSROOM.

IT IS IMPORTANT THAT EACH MEMBER OF THE CLASS DISCOVER THE RE-
QUIRED INFORMATIC!! FOR HIMSELF. OYSTEMATIC NOTE TAKING 1S ESSENTIAL
AS IS THE COLLECTION OF ROCKS, MINERALS, AHD FOS>ILS, WHICH SHOULD

BE LABELED. GO AS A DISCOVERER, NOT AS ONE TO BE SHOWN, ReECOrRD IN
YOUR MINC AND IN YOUR FIELC NOTEBOOK WHAT YOU YOURSELF SEE, NOT WHAT
SOMEBODY ELSE TELLS YOU HE SEES, NOR WHAT ANOTHER SUGGESTS YOU OUGHT
TO SEE. ASK FOR THE INSTRUCTOR'S HELP IF YOU FAIL TO SEE WHAT OTHERS

SEE.

{T 15 oBvIOUSLY [MPOSSIBLE TO CBSERVE GEOLOGICAL PHENOMENA 1IN
THF SAME ORDER AS THAT IN WHICh THEY ARZ TREATED IN THE CLASSROOM

AND LABORATORY, FACTS WHICH MAY NOT AT THE TIME BE UNDERSTOOD MUST
THEREFORE BE KEPT I MIND UN"IL THE APPROPRIATE POINT 15 LATER
REACHED weEN THEY MAY SERVE AS lLLUSTRATlV& MATERIAL OR A5 THE

BAS!S, FOR CONCLUSIONS, FOR THESE REASONS CAREFUL FIELD NOTES SHOULD
BE TAKEN AND SHOULD BE CONFINED, IN GENERAL, TO STATEMENTS OF OBJUECTS
AND RECLATIONSHIPS ACTUALLY OBSERVED. YOouR NOTES SHOULD BECOME A

PART OF THI CLASS NOTEBOOK,

THE FOLLOWING GENERAL QUESTIONS ARE TO BE ANSWERLD FOR EACH TRIP:

1. PurpPoOsSE
2. WHAT 1S THE GECGRAPHIC LOCAT QN OF THE AREA?

3, DESCRIBL THE T POGRAPHY OF THE ARTA, !eE., FLAT, UNGULATING,
FLATEAU, MCUNTAINSUS, ~ILLY, ALD ITS DRAINAGT.
!
L. WHAT 15 THE FHYLICGRAPHYC AGE OF THC REGICH.

5. WHAT PHYSILGRAPHIC CEVELOPMEMTS MAY OCCUR i THIS REGIONY
Give KEAS NS.

v

6. WHAT 1S THC GECLYGIC HISTORY 9OF THE AREA’

€

7. DoEs THE AREA HAVE ANY ECONOMIC IMPORTANCE?  WHAT 1S 177
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CHANGES {N EARTH SURFACE
Lever: JR. HigH OR HigH ScHoot

ACTIVITY: [INVESTIGATING CHANGE
MATERIALS: PIECE OF_HALLTE, LARGER THAN 1 cM,

THIS ENABLES THE STUDENT TO INVESTIGATE THE VARIETY .OF CHANGES
A SINGLE SUBSTANCE CAN UNDERGQ ANO TO RELATE SOME OF THE PROCESSES
PRODUCING THESE CHANGES TO NATURAL EARTH CHANGES.
CAUTION
1., DO:NOT TELL STUDENT WHAT THE MATERIAL IS:
2. CAUTION STUDENTS TO PRACTICE CCMMON SAFETY PROCEDURES WHEN HE
CHANGES HIS EARTH MATERIAL.

PROCEDURE ¢

"“TELL THE STUOCENT THAT HE IS TO TRY TO CHANGE THE EARTH MATERIAL
IN AT LEAST THREE WAYS, LEAVE THE METHODS UP TO HIMe (You may
WiSH THE STUDENT TO TAKE THE MATERIAL HOME,) HAVE EACH STUDENT
SUBMIT A REPORT FOR CLASS OISCUSSION,

THE STUDENT'S RESULTS MAY INCLUDE DISSCLVING IN WATER, FREEZING,
CRUSHING, HEATING ETC,

WHY WOULO THE PEOPLE IN AGRICULTURE, GEOLOGY, GEOPHYSICS AND
RELATEO FIELDS BE INTERESTED IN UNDERSTANDING HOW EARTH MATERIALS
CHANGE ?
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EARTH SCIENCE - ANCIENT EARTH HISTORY

ANTHROPOLOGY GEOLOGIST

GeEOPHYSICS OCEANOGRAPHER

ELEMENTARY TEACHER TEACHER SECONDARY=@)LLEGE
TECHNICAL WRITER
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ANC IENT EARTH HISTORY
LEVEL: JuniorR HiGH
AcTiviTy: [INTERPRETATION OF RoCk LAYERS
MATERIAL: LAB ACTIVITY SHEET WIiTH DIAGRAM

PROCEDURE: STUDY THE DIAGRAM, NUMBER THE SEDIMENTARY ROCK LAYERS
ACCORDING TO AGE, STARTING WITH THE OLDEST AS #1. THEN ANSWER THE

QUESTIONS,

|

i #; .

LIMESTONE SHALE CONGLOMERATE SANDSTONE 1 GNEOUS

1« WHICH OF THE TWO DIKES 1S THE OLDEST? How
CAN YOU DETERMINE THIS FACT FROM THE D!AGRAM?

2. EXPLAIN THE GEOLOGIC HISTORY OF THIS REGION,. INCLUDE AS MUCH
DESCRIPTIVE DETAIL AS POSSIBLE,

3. WHICH OF THE LAYERS REPRESENT SHALLOW WATER DEPOSITS?
WHICH OF LAYERS REPRESENT DEEP WATER

DEPOSITS?

4, WHAT OCCUPATIONS CAN YOU NAME WHERE A PERSON MIGHT DO THIS TYPE~
OF ACTIVITY?

i’
i
7

~I L
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ANCIENT  EARTH HISTORY
LeveL: Juntor HigH

ACTIVITY: INTERPRETING EVIDENCE

MATERIALS: FIRECLAY OR PATCHING PLASTER
PAPER DISHES
ASSORTED OBJECTS

STUDENTS ARE SOMETIMES SKEPTICAL OF RECONSTRUCTIONS MADE FROM FOSSIL
EVIDENCE, DEVELOPMENT OF SUCH RECONSTRUCTIONS DEPENDS MORE UPON DE=
DUCTION AND PAST SCIENTIFIC WORK THAN UPON PURE GUESSWORK, AND STU=
DENTS MAY BE MADE AWARE OF THIS THROUGH ATTEMPTING SOME RECONSTRUC=
TIONS OF THEIR OWN, THROUGHOUT THE RECONSTRUCT|ON PROCESS, STUDENTS

-SHOULD BE ASKED TO DISTINGUISH BETWEEN THEIR OBSERVATIONS AND THEIR

DEDUCTIONS DRAWN FROM THE OBSERVATIONS, THEY MAY, THUS, BECOME MORE
AWARE OF THE AMOUNT OF DEDUCTION WHICH IS INVOLVED IN EVERYDAY OPEN=
AND=SHUT CONSLUSIONS THEY MAKE. AND THEY MAY ALSO BETTER APPRECIATE
THE PROCESSES BY WHICH PALEONTOLOGISTS, ARTISTS, AND OTHERS WORKING
WITH FOSSILS PROLUCE THE SKETCHES AND DESCRIPTIONS OF ORGANISMS
WHICH LIVED IN THE PAST,

PROCEDURES :

A, PREPARE A SET OF IMPRINTS OF A TIRE PRINT, TOP OF A FULL
POP CAN, SCRiwS & BOLTS, & A TWISTED ROPE. PLACE AN IDENT=-
AFYING NUMBER ON EACH IMPRINTED PLATE.

B. SHOW ONE OF THE OBJECTS, SAY A TIRE PRINT, TO THE CLASS AND
INVITE DISCUSSION ABOUT ITe THIS WILL ALLOW THE STUDENTS TO
RECOGNIZE THE TYPES OF OBSERVATIONS, INTERPRETATIONS, AND
CONCLUSIONS WHICH MIGHT BE MADE CONCERNING EACH SPECIMEN.

Co IN THEIR NOTEBOOKS STUDENTS SHOULD WRITE THE NUMBER OF THE
IMPRINT AND NOTES CONCERNING IT FOR REFERENCE IN DISCUSSIONe
SUGGESTED DISCUSSION POINTS FOR FOUR IMPR{NTS ARE AS FOLLOWS?

SaMpLE Discussion PolInTs:

1. A GEOMETRIC DESIGH, PROBABLY A TIRE PRINT: |T MAY HAVE BEEN
MAOE BY A WHEELED VEHICLE OR SIMPLY BY A TIRE., [N MANY PARTS
OF THE WORLD, OLD TIRE SECTIONS ARE MADE INTO SANDALS, SO THE
PRINT MAY HAVE BEEN MADE BY A PERSON WALKING. THE NATURE OF
THE "VEHICLE" (AUTOMOBILE, BICYCLE, MOTORCYCLE, AIRPLANE)
MIGHT BE DEDUCED BY SOMEONE FAMiLIAR WITH TREAD DESIGNS,

THE PATTERN OF WEAR ON THZ TREAD MIGHT GIVE SOME INDICATION
OF THE PARTICULAR VEHICLE INVOLVED, JUST AS A TRACKER MAY
BE ABLE TO RECOGNIZE AN ANIMAL WITH A LIMP, THE SPACING

OF THE PRINTS, IF KNOWN, MIGHT GIVE INSIGHT INTO THE NATURE
OF THE VEHICLE (OR THE PEDESTRIAN WEARING SANDALS), JUST

AS GROUPS OF FOSSIL FOOTPRINTS TELL MORE ABOUT THE SIZE AND
GAIT OF THE ANIMAL INVOLVED THAN DOES A SINGLE PRINT,

2. A CIRCLE WITH DESIGN WITHIN: STUDENTS MAY KNOW, FROM THEIR
EXPERIENCE WiTH SOFT=DRINK CANS, THAT THIS IMPRINT COULD HAVE
BEEN MADE BY SUCH A CAN, THEY SHOULD NOTE THAT ONLY THEIR
EXPERIENCE WITH REAL CANS ALLOWS THEM TO INTERPRET THE PRINT.
IN THEORY THE PRINT COULD HAVE BEEN MADE BY A DISK ONLY A
FEW CENTIMETERS THICK OR BY THE END OF A CYLINDER MANY METERS

- o2
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LONGe [T IS FAMILIARITY WITH SOFT=DRINK CONTAINERS WHICH
WILL SUGGEST TO MOST OBSERVERS THAT A CAN WAS INVOLVED.

THE EXISTENCE OF THE PULL TOoP, INTACT, SUGGESTS THAT THE
CONTAINER WAS FULL, BUT IT IS POSSIBLE THAT !T WAS OPENED
WITH A CAN OPENER AT THE OTHER END. PRESENCE OR ABSENCE
OF A SEAM MIGHT INDICATE WHETHER THE CAN WAS MADE OF ALU~=
MINUM CR STEEL, SINCE ALUMINUM CANS HAVE BEEN INTRODUCED
RELATIVELY RECENTLY, THE LACK OF A SEAM MIGHT SUGGEST A
DATE PRIOR TO WHICH THE IMPRINT COULD NOT HAVE BEEN MADE,

A GROCERY CLERK, FAMILIAR WITH VARIOUS CANNED BEVERAGES,
MIGHT BE ABLE TO TELL WHAT BRAND IT WAS OR ELIMINATE BRANDS
IT COULD NOT HAVE BEEN, A STUDENT LACKING SUCH KNOWLEDGE
OFFHAND, MIGHT BE ABLE TO IDENTIFY THE PRINT BY COMPARING
IT TO CANS IN A MARKET. PALEONTOLOG!{STS KEEP COLLECTIONS
OF FOSSILS IN MUSEUMS FOR MUCH THE SAME REASON.

A REGULAR PATTERN, PROBABLY THE IMPRINT OF A SOLT: EVEN
THOUGH THE OBJECT ITSELF IS NOT PRESENT, STUDENTS MAY SUGGEST
THAT !T WAS PROBABLY MADE OF METAL., THE METAL MIGHT HAVE
BEEN BRONZE OR STEEL, SINCE SOFTER METALS (SUCH AS LEAD AND
COPPER) ARE NOT OFTEN USED IN THE MANUFACTURE OF BOLTS.

CLOSE INSPECTION OF A HIGH QUALITY IMPRINT MIGHT SHOW
THREAD WEAR, CROSS THREADING, STRIPPING, OR OTHER EVIDENCE
OF USE.

BoLTs OF VARIOUS DESIGNS ARE COMMONLY USED FOR DIFFERENT
PURPOSES. A WOCD SCREW IS OF DIFFERENT SHAPE THAT A MACHINE
SCREW OR A METAL SCREWs CARRIAGE BOLTS, WITH SQUARE SHANKS,
ARE OFTEN EMPLOYED FOR JOINING WOOD TO METAL.

DIMENSIONS OF THE BOLT MIGHT TELL WHETHER IT WAS OF
AMERICAN OR EUROPEAN MANUFACTURE. THE RELATIONSHIPS BETWEEN -
HEAD AND BODY SIZES OF BOLTS HAVE CHANGED PERIODICALLY.
KNOWING THIS AND GIVEN ACCESS TO NEW AND OLD CATALOGS, A
STUDENT MIGHT BE ABLE TO DATE THE BOLT WITHIN, PERHAPS,
TWENTY YEARS,

THE SI1ZE OF THE BOLT SUGGESTS THAT IT WAS INTENGDED TO
JOIN PIECES OF MATERIAL A FEW CENTIMETERS THICK AND NOT
LARGE GIRDERS OR THIN SHEETS OF METAL.

A REGULAR, REPEATED PATTERN, PROBABLY A TWISTED ROPE: A
MICROSCOPIC EXAMINATION OF THE CAST MIGHT GIVE EVIDENCE AS
TO WHETHER THE ROPE WAS OF SMOOTH, SYNTHETIC FIBER, OR
ROUGHER, NATURAL FIBER. THE NATURE OF THE FIBER WOULD GIVE
A ROUGH INDICATION OF THE ROPE'S WORKING STRENGTH AND POS-
SIBLE APPLICATION., [T woULD ALSO GIVE, IN SOME CASES, A CLUE
TO THE AGE OF THE ROPE, ROPES OF NATURAL FIBER (HEMP AND
MANILA) HAVE BEEN USED FOR MANY YEARS AND ARE STILL BEING
PRODUCED, WHEREAS SYNTHETIC ROPES WERE NOT COMMON UNTIL
TWENTY=FIVE YEARS AGO., WORKING WITH FOSSILS, PALEONTOLO=
GISTS ARE STILL MORE LIKELY TO SOLVE PROBLEMS IN DATING
IN THE OPPOSITE SENSE: THE APPEARANCE OF A NEW TYPE (E.G.,
SYNTHETIC ROPE) IS USED AS A RELATIVE DATE (TWENTY=FIVE
YEARS AGO, OR LATER THAN NATURAL FIBERS).

STUDENTS MAY SEE THAT COLLECTIONS OF IMPRINTS, OF THE
SAME OR OF VARIOUS TYPES OF ITEMS, SUPPLY MORE EVI!DENCE
FOR DATES THAN SINGLE, ISOLATED FINDS DO,
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KNOWLEDGE OF THE LOCALE 'N WHICH THE SPECIMEN WAS COLLECTED
IS USEFUL., AN IMPRINT FOUND NEAR A SHORELINE MIGHT REPRESENT
A PIECE OF L{NE USED TO TIE UP A BOAT, WHEREAS AN JMPRINT
FROM NEAR A DEEPLY RUTTED MUDHOLE ON A BACK ROAD WOULD SUG=
GEST A TOWROPE,

DIFFERENT ROPES ARE MADE FOR DIFFERENT USES; THEY MAY
HAVE THREE OR FOUR LAID (TWISTED) STRANDS; THEY MAY BE OF
BRAIDED OR WOVEN MATERIALS OR OF CONTINUOUS FIBERS ENCLOSED
IN SHEATHS,

KNOTS IN THE ROPE WOULD GIVE FURTHER CLUES AS TO THE USE
OF THE ROPE, AND FRAYED OR BROKEN STRANDS WOULD SUGGEST THE
AMOUNT OF USE BEFORE THE IMPRINT WAS MADE,

FROM THESE AND OTHER EXAMPLES STUDENTS MAY, QUITE CORRECTLY,
REACH THE CONSLUSION THAT THERE 1S A GREAT DEAL OF "DETECT{VE wORK"
INVOLVED IN INTERPRETING IMPRINTS, BUT THAT T CAN BE LOGICALLY AND
INTELLIGENTLY DONE, PERHAPS THE POINT TO BE MADE IS THAT THERE IS
A LOT OF DEDUCTION INVOLVED IN EVERYDAY, NONSCIENTIFIC LIFE, THE
DIFFERENCE BETWEEN THE SCIENTIST AND THE NONSCIENTIST IS NOT THAT
ONE GUESSES AND THE OTHER DOES NOT., [T 1S MORE THAT THE SCIENTIST
IS AWARE OF THE FACT THAT HE 1S MAKING DEDUCTIONS, WHEREAS THE
NONSCIENTIST MAY FALL INTO THE TRAP OF CONSIDER:NG COMMONLY MADE
DEDUCTION TO BE FACTS OR OBSERVATIONS,

AN INTERESTING DISCUSSION CAN BE BUILT AROUND THE QUESTION,
WHAT THINGS IN YOUR DAILY LIFE DO YOU KNOW AS FACTS WITH ABSOLUTELY
NG GUESSWORK OR DEDUCTION INVOLVED? YOU MAY WISH TO RECALL CLASS
DISCUSSION IN SECTION ONE OF STATEMENTS THAT ARE BASED ON FACT OR
BASED ON MODELS.,

~34
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RANGE OF ResuULTs

AN IMAGINATIVE STUDENT SHOULD DEVELOP SEVERAL DEFENSIBLE HY=
POTHESES, ONE OF THE MOST COMMON IS THAT TWO ANIMALS MET AND FOUGHT,
THERE 13 NO REAL REASON TO ASSUME THAT ONE ANIMAL ATTACKED AND ATE
THE OTHER, CERTAIN LINES OF EVIDENCE==THE QUICKENED GAITS, CIRCULAR
PATTERN, AND DISAPPEARANCE OF ONE SET OF TRACKS==DO SEEM TO BEAR
THIS ou7, IT MIGHT, HOWEVER, HAVE BEEN A MOTHER PICKING UP HER BABY,
MANY EXPLANATIONS ARE POSSIBLE, THE DESCRIPTION AND TEMPERAMENT OF
THE ANIMALS INVOLVED ARE OPEN TO QUESTION, [INDEED, WE LACK THE
EVIDENCE TO SAY THAT THE TRACKS WERE MADE AT THE SAME TIME, THE
INTERMINGLING MAY BE EVIDENCE THAT BOTH TRACKS WERE MADE AT ONE
TIME, BUT IT COULD BE ONLY A COINCIDENCE, PERHAPS ONE ANIMAL
PASSED BY AND FLEW OFF, AND THEN THE OTHER CAME ALONG, WE STILL
CANNOT SAY,

SUGGESTED ADDITIONAL INVESTIGATIONS

You CAN HAVE MORE DISCUSSIONS ON INTERPRETING CERIES OF EVENTS
USING ANIMAL PRINTS STUDENTS FIND OUT=OF=DOORS AND REPRODUCE FOR
THE CLASS. DON'!T FORGET TO LOOK FOR HUMAN FOOTPRINTS,

ERI
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ANCIENT EARTH HISTORY
LeveL: 8rtH=9TH

ACTIVITY: [INVESTIGATING A FOOTPRINT PUZZLE

ADVANCE PREPARATION: -
MAKE AN OVERHEAD TRANSPARENCY OF THE FOOTPRINT PUZZLE. Have

A BLANK PIECE OF PAPER ON HAND TO MASK THE PUZZLE WHEN IT'S ON
THE PROJECTOR.,

TIME REQUIREMENTS

PRE-LAB 5 MINUTES
Las 30 MINUTES
PosT=rLAB - 10 MINUTES

Pre=lAB Discussion:

SIMPLY POINT OUT TO THE STUDENTS THAT THEY WILL B8E ATTEMPTING
TO RECONSTRUCT HAPPENINGS FROM THE GEOLOGIC PAST. IN THIS INVESTI=
‘GATION STUDENTS wiLL FORM SEVERAL DEFENSiBLE HYPOYHESES. AS MORE

EVIDENCE BECOMES AVAILABLE THE HYPOTHESES MUST BE MODIFIED OR
ABANDONED,

NoTES oN PROCEDURE $

USE A BLANK PIECE OF PAPER TO SLIDE ACROSS THE TRANSPARENCY
AND REVEAL ADDITIONAL PUZZLE SECTIONS, BEGIN 8Y PROJECTING THE
FIRST PART OF GUIDE, BE RECEPTIVE TO ANY REASONABLE HYPOTHESES
STUDENTS OFFER TO EXPLAIN THE FOOTPRINTS, AS YOU SHOW THE NEXT
SECTION OF THE TRANSPARENCY STUDENTS WILL SEE THAT THE FIRST
HYPOTHESES NEED TO BE MODIFIED AND NEW ONES PROBABLY CAN BE ADDEG.

NEXT PROJECT THE COMPLETE PUZZLE AND ASK STUDENTS TO INTERPRET
WHAT HAPPENEDs A KEY POINT FOR STUDENTS TO RECOGNIZE. 'S THAT THE
CONCLUSION MUST BE BASED ONLY ON THOSE TENTATIVE HYPOTHESES THAT
STILL APPLY WHEN ALL O THE PUZZLE |S PROJECTED., ANY [INTERPRETA=
| TION THAT |S CONSISTENT WITH AL. THE EYIDENCE 1S ACCEPTABLE.
| SHOULD IT BECOME NECESSARY TO PROD THE STUDENTS' THINKING AND
STIMULATE THE DISCUSSION, THE QUEST:ONS BCLOW MAY HELP. STUDENTS
SHOULD G!VE EVIDENCE FOR THEIR ANSWERS.

T« IN WHAT DIRECTIONS DID THE ANIMALS MOVE?

2. DID THEY CHANGE THLIR SPEEDL AND CI!RECTION?

o WHAT MIGHT HAVE CHANGCL THE FOOTPR{NT PATTERN?

. WAS THE LAND LEVEL OR IRREGULAR?

WAS THE SOIL MOIST OR DRY ON THE DAY THESE TRACKS WERE MADE?
IN WHAT KIND OF ROCK WERE THE PRINTS MADE?

WERE THE SEDIMENTS COARSE OR FINE WHERE THE TRACKS WERE MADE?

~ oW Ew

THE ENVIRONMENT OF THE TRACK AREA SHDULD ALSO 8E DISCUSSED. IF
DINOSAURS MADE THE TRACKS, THE CLIMATE PROBABLY WAS WARM AND HUMID.
IF STUDENTS PROPOSE THAT SOME SORT OF OBSTRUCTION PREVENTED THE
ANIMALS FROM SEEING EACH OTHER, THIS MIGHT SUGGEST VEGETATION., OR,
PERHAPS THE WIDENED PLACE MIGHT SUGGEST A SLOPE., SPECULATE ON THE
CONDITION OF THE SURFACE AT THE TIME THE PRINTS WERE MADE. WHAT
CONDITIONS WERE NECESSARY FOR THEIR PRESERVATION?
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ANCIENT EARTH HISTORY
Lever: Jr. HIGH OrR HIGH ScHooL

ACTIVITY: Making ARTIFICIAL SEDIMENTARY RocCk

FossILS ARE MOST FREQUENTLY FOUND IN SEDIMENTARY ROCKS. SUCH RCCKS

WERE FORMED BY LAYERS OF SEDIMENT LAID DOWN MILLIONS OF YEARS AGOe
THE FOLLOWING ACTIVITY WILL HELP YOU UNDERSTAND HOW SECIMENTS SETTLE
IN WATER TO FORM LAYERS,

PROCEDURE: g

OBTAIN A LARGE, TALL JAR. MIX SOME COARSE SOIL, SAND, OR GRAVEL

WITH SOME FINER SAND AND SOILe FILL THE JAR WITH WATER AND THEN
POUR THE MIXTURE INTO 1T, ALLOW THE JAR TO STAND FOR SEVERAL DAYS
OR UNTIL THE WATER ABOVE THE SETTLED PARTICLES IS COMPLETELY CLEARe
NOoTE THAT THE COARSE, HEAVY PARTICLES SETTLED TO THE BOTTOM FIRST,

ADD MORE OF THE SAND, SOIL, GRAVEL AND WATER MIXTURE. A0D
ADDITIONAL LAYERS UNTIL THE JAR IS NEARLY FILLED., THE LAYER STRUC=
TURE IS EASILY OBSERVED THROUGH THE GLASS.

AN ARTIFICIAL SEDIMENTARY ROCK CAN BE MADE BY REPEATING THE
PROCEDURE DESCRIBED ABOVE AND ANDING A LITTLE CEMENT TO EACH MIXTURE
OF SAND, SOIL, GRAVEL, AND WATERe UNDER NATURAL CONDITIONS CERTAIN
MATERIALS ARE PRESENT THAT ACT AS THE CEMENT.

WHEN A JAR WITH CEMENT ADDED TO THE LAYERS S FULL, INVERT (T
AND ALLOW IT TO ORY THOROUGHLY. NOW BREAK THE JAR AND REMOVE THE
ARTIFICIAL SEDIMENTARY ROCK. BRING THE ROCK TO CLASS AND COMPARE
IT WITH OTHERS MADE BY YOUR CLASSMATES.
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ANCIENT EARTH HISTORY
Lever: Jre HiGH OR HiGH ScHool

ACTIVITY: You Can'T SeEe THe FOREST FOR THE Rocks (MAKING A FossiL
IMPRESSION)

WE LIVE IN A WDRLD THAT IS FULL DF MANY, MANY DIFFERENT KINDS
OF LIVING THINGS, THERE ARE PEOPLE==AND PENGUINS==AND PORCUPINES==
AND PINE TREES==AND PARAMECIA,

WE FIND ORGANISMS LIVING IN A DROP OF WATER==IN AN INCH OF SOll=e=
AND ON MOUNTAIN TOPS, ’

EVEN THOUGH THERE ARE MANY DIFFERENT K#NDS OF LIVING THINGS,
YOU HAVE PROBABLY DISCOVERED THAT: ALL LIVING THINGS ARE COMPOSED
OF CELLS., AND ALL LIVING THINGS CAN BE CLASSIFIED INTO RELATED
GROUPS.

THESE STATEMENTS LEAD US TO SOME VERY IMPORTANT QUESTIONS. How
DID THE DIFFERENT KINDS OF LIVING THINGS COME To BE? How DID THE
DIFFERENT KINDS OF LIVING THINGS COME TO BE SEPARATED INTO RELATED
QrROUPS?

A. A DINOSAUR IN MY TANK?
MILLIONS OF YEARS AGO, THERE WERE ANIMALS CALLED DINOSAURS

THAT ROAMED THE EARTH. YET THESE DINDSAURS ARE NOT KNDWN TD BE

ALIVE TODAY. WHAT PFOOF DO WE HAVE THAT DINOSAURS EXISTED?

——— LET'S TAKE ANOTHER EXAMPLE., THE GIRAFFE DID NOT ALWAYS HAVE

A LONG NECK AND LONG LEGS. [N FACT, AT ONE TIME THE GIRAFFE LOOKED

LIKE TODAY'S HORSE, BUT WHAT EVIDENCE DO WE HAVE TO PROVE IT? '
You Now HAVE SOME BAGKGROUND FOR OUR PROBLEM, AS YOU HAVE

LEARNED, A SCIENTIST OFTEN MAKES A PREDICTION TO HELP FIND THE

POSSIBLE ANSWER OF A PROBLEM. THIS IS WHAT YOU ARE TO DO.
1e WHAT DO YOU THINK HAS BEEN HAPPENING TO LIVING THINGS

OVER MILLJONS AND M;LLIONS OF YEARS?

d You HAVE‘JUST MADE YOUR PREDICTION. BUT IT IS JUST AN EDUCATED
: GUESS, YOUR GUESS MUST NOW BE TESTEDe A SCIENTIST MUST PRODUCE
DATA OR EVIDENCE THAT WiLL EITHER SUPPURT OR REJECT THE PREDICTION,

2. WHAT EVIDENCE DO YOU THINK SCIENTISTS HAVE THAT WILL
SUPPORT THE PREDICTION YOU MADE IN "1"?

B. i1's PRESERVED IN Rock

OBTAIN TWO BLOUCKS OF MODELING CLAY, TAKE ONE BLOCK OF CLAY AND
DIP ONE OF ITS LARGE SURFACES IN A SOAP SOLUTION, LAY THIS BLOCK
ON THE TABLE WITH THE SOAPY SURFACE FACING UP.

OBTAIN A PLASTIC MODEL DF AN ANIMAL FROM THE TEACHER AND DIP
IT INTO THE SOAP SOLUTION, THEN PRESS THE MODEL HALFWAY DOWN INTO
THE CLAY BLOCKe IMAGINE THAT YDU ARE LDDKING AT AN ANIMAL THAT DIED
MANY MILLIONS OF YEARS AGO. Now DIP THE END OF A PENCIL INTO THE
SOAP SOLUTIDN AND PRESS IT INTO THE CLAY BLOCK SO THAT AN OPENING
witL BE FDRMED FROM THE PLASTIC MODEL TO THE EDGE.

<99 ,
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DiP ONE OF THE LARGE SURFACES ON THE OTHER BLOCK OF CLAY INTO
THE SOAP SOLUTION, THEN PRESS THIS BLOCK ONTO THE FIRST BLOCK FIRMLY,
THIS SECOND BLOCK REPRESENTS SEDIMENT THAT BURIED THE DEAD ANIMAL.

USUALLY, MOST ORGANISMS THAT DIE ARE EITHER EATEN OR DESTROYED
BY DECAY. BUT SOMETIMES BURIAL IN SEDIMENT PRESERVES THE ANIMAL FOR
MILLIONS OF YEARS FROM DECAY AND THE ATTACK OF SCAVENGERS: THERE
ARE SCIENTISTS WHO LOOK FOR AND STUDY THESE PRESERVED ANIMALS,

CAREFULLY SEPARATE THE TWO HALVES. THIS ACTION WOULD NEVER HAPPEN
SO FAST IN NATURE, NORMALLY, THE EARTH WOULD SLOWLY WEAR AWAY OR
THE SCIENTIST WOULD CAREFULLY PLCK AWAY AT THE SEDIMENT 7O FIND
THIS HIDDEN TREASURE, WHAT YOU SEE INSIDE YOUR CLAY BLOCKS REPRESENTS
AN ANIMAL THAT HAS BEEN PRESERVED FOR MILLIONS OF YEARS,

3¢ WHAT DO YOU CALL AN ORGANISM OR A PART OF AN ORGANISM THAT
HAS BEEN PRESERVED FOR MILLIONS OF YEARS?

NOT ALL ORGANISMS ARE PRESERVED IN THIS WAY, HOWEVER,

REMOVE THE PLASTIC MODEL AND THE PENCILe Dip THE SAME TWO SUR=~
FACES IN THE SOAP AGAIN, NOW PLACE THE TWO BLOCKS OF CLAY TOGETHER
IN ITS ORIGINAL POSITION,

USING THE MELTED WAX WHICH HAS BEEN PREPAREDy, POUR THE WAX INTO
THE HOLE AT ONE END OF THE BLOCKS, SET IT ASIDE TO DRY.

"IN POURING WAX INTO THE CLAY, YOU ARE REPLACING THE ORIGINAL
MOLD OF THE ORGANISM W{TH ANOTHER MATERtAL, I[N NATURE, THIS SUB=
STITUTION TAKES PLACE AS WATER AND CHEMICALS DRIP THRCUGH TINY HOLES
IN THE SEDIMENT,

AFTER TWENTY MINUTES, CAREFULLY PRY APART THE TWO CLAY BLOCKS
TO REVEAL THE WAX CAST OR MODEL,

4, WHAT DOES THE CAST REPRESENT?

THIS IS ONLY ONE WAY IN WHICH PREHISTORIC ORGkNlSMS CAN BE
PRESERVED.

C. THE RECORD OF LIFE

5e WHAT DO YOU CALL AN ORGANISM, OR A PART OF AN ORGANISM, THAT
HAS BEEN:-PRESERVED THROUGH TIME?

6. How DOES EXAMINING PREHISTORIC REMAINS HELP US TO UNDERSTAND
ABOYT THE PAST?

7o WHAT 1S ONE FORM ©F EVIDENCE THAT SCIENTISTS HAVE BEEN ABLE
TO0 "p1G UP" TO SUPPORT THE PREDICTION YOU MADE IN QUESTION
17
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ANCIENT EARTH HISTCRY
Lever: HigH ScHooL

ACTIVITY:
DEMONSTRATION

A COMMON TYPE OF FOSSILIZATION RESULTS WHEN THE HARD PARTS OF AN
ORGANISM HAVE ADDITIONAL MINERALS DEPOSITED IN THEIR PORE SPACES,
THIS PROCESS IS KNOWN AS PERMINERAL1ZATION, PERMINERALIZATION CAN BE
DEMONSTRATED WITH A COMMON CELLULOSE SPONGE (A BRIGHTLY COLORED DNE IS
BEST) AND SOME PARAFFIN. MELT THE PARAFFIN AND SATURATE THE SPONGE WITH
IT. ALLOW THE PARAFFIN TO HARDEN AND EXAMINE THE SPONGE., CUT IT INTO
PIECES TO SEE INSIDE.

THE FARAFFIN IN THE VOIDS EIN THE SPONGE HAS MADE 1T MORE RESYSTANT
TO PHYSICAL AND CHEMICAL CHANGE, THE PARAFFIN IS ANALOGOUS TO THE
MINERALS DEPOSITED BY GROUND WATER WHEN PERMINERAL!ZATION OCCURS.

DEMONSTRATION -~

CARBONIZATION IS ANOTHER COMMON TYPE OF FOSSILIZATION, ESPECEALLY
FOR PLANT REMAINS, EVEN THE MOST DELICATE STRUCTURES ARE RECORDED IN
CONSIDERABLE DETAIL BY THE THIN FILMS OF CARBONe. ARTIFICIAL CARBON M=
PRINTS OF LEAVES CAN BE PREPARED AS FOLLOWS: EMBED A LARGE LEAF IN ABOUT
AN INCH OF CEMENT IN A DISPOSABLE PLATE, LET THE CEMENT DRY, BAKE
IT IN A HOT OVEN FOR TVWO HOURS., DBREAK 1T OPEN WITH A SHARP BLOW Oi THE
THIN EDGE OF THE CEMENT. A CARBONIZED JMPRESSION WILL BE VISIBLE,
[F YOU HAVE A DEMONSTRATION COLLECTION OF FOSSILS, COMPARE THE ARTIFICIAL
CARBON IMPRINT WITH A NATURAL CARBON IMPRESSION, How DO THESE DIFFER
FROM OR RESEMBLE EACH OTHER? WHICH OF THEM MORE CLOSELY RESEMBLES A
LEAF?
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ANCIENT EARTH HISTORY
Lever: 9tH

ACTIVITY: CoMPARISON OF TEETH IN FossiLs

PROBLEM
You HAVE LEARNED THAT CLASSIFICATION AND RELATIONSHIPS OF
VARJOUS FORMS OF PLANT AND ANIMAL LIFE ARE BASED ON STRUCTURAL
SIMILARITIES, THE SKELETONS OF MODERM AND THE FOSSILIZED REMAINS
OF HORSE=LIKE ANIMALS HAVE BEEN STUDIED TO FIND SIMILARITIES,
FOR EXAMPLE, HOW COES THE TEETH STRUCTURE IN THESE SKELETONS COMPARE?

INVESTIGATIONS

ACCORDING TO SCIENTIFIC EVIDENCE, MODERN HORSE (GENuUs Equus)
DEVELOPED THROUGH A SERIES OF HORSELIKE ANIMALS FROM A PRIMITIVE
FORM (GENUS OROHIPPUS )-THAT EXISTED ON EARTH MANY MILLIONS OF YEARS
AGO, THE VARIOUS ANIMALS OF THIS SERJIES ARE CLASSIFIED IN DIFFERENT
GENERA, AS SHOWN IN THE CHART ON THE NEXT PAGE, BUT ALL OF THEM
ARE MEMBERS OF THE HORSE FAMILY (EQUIDAE). THE SPAN, OR DISTANCE,
FROM THE SECOND PREMOLAR TOOTH TO AND INCLUDING THE THIRD MOLAR
TOOTH, HAS BEEN MEASURED IN MANY SKULLS OF THESE VARIOUS HORSELIKE
ANIMALS, THE AVERAGE RESULTS ARE SHOWN IN THE CHART ON THE NEXT
PAGE., (IT IS NOT NECESSARY TO LEARN THE SCIENTIFIC NAMES OF THE
VARIOUS ANIMALS,)

S ...

O
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{NTERPRETATIONS ¢
IN THE FOLLOWING GROUPS OF STATEMENTS, PLACE THE LETTER OF THE
TERM WHICH CORRECTLY COMPLETES EACH STATEMENT IN THE SPACE PROVIDED.

( .
'e THE EARLIEST FOSSILIZED REMAINS OF HORSEL IKE ANIMALS SHOWN IN

THE CHART ARE THose oF (A) Epinippus, (B) PLionippus, (c) ORoHlPPUS,
(o) Mesouipeus,

2. THE FORM OF HORSELIKE ANIMAL THAT EXISTED ABoUT 30 MILLION YEARS
AGo 1s caLLep (A) EpiHippus, (B) ParRAHIPPUS, (c) Mesoutppus, (D)
PLIOHIPPUS.

3+ THE TOTAL INCREASE IN THE SPAN OF THE CHEEK TEETH OF HORSELIKE
ANIMALS SHOWN IN THE CHART Is AgouT (A) 15 em, (B) 13 cM, (c) 11 cm,
{p) 9 cm.

4, THE MOST RAPID CHANGE IN THE SPAN OF THE CHEEK TEETH OF HORSELIKE
ANIMALS TOOK PLACE ABOUT (A) 5~10 MiLLION YEARS AGO, (B) 10=15 mitLion
YEARS AGO, (C) 15-20 MILLION YEARS AGO, (D) 20-25 MiLLION YEARS AGO.

5‘ THE SPAN CF THE CHEEK TEETH IN THE MODERN HORSE COMPARED TO THE . M
EARLIEST HORSELIKE ANIMALS SHOWN IN THE CHART IS Asout (A) 8 Times
AS GREAT, (B) 6 TiMes as GrReaT, (c¢) U TimMes As creaT, (D) 2 TIMES As

t—————

6. IN THE LAST 20 MILLION YEARS, THE SPAN OF THE CHEEK TEETH IN HCRSEe
LIKE ANIMALS INCREASED ON AN AVERAGE ofF ABouT (A) 5 e, (8) ¥ em, (c)

3 cMy, (D) 2 cm.
7. THE LEAST CHANGE IN THE TEETH OF HORSELIKE ANIMALS TOOK PLACE 3E=

Tween THE (A) EptHippus Anp Mesonirpus, (B) PARAHIPPUS AND MERYCHIPPUS,

(c) MERYCHIPPUS AND PLIOHIPPUS, (D) PLIOHIPPUS AND EQUUS.

8. THE SPAN OF THE CHEEK TEETH IN HORSELIKE ANIMALS DOUBLED IN THE
pasT (A) 25 MiLLION YEARS, (B) 20 MiLLton YeArs, (c) 15 miLLioN
YEARS, (D) 10 MILLION YEARS.

9. Iu THE EARLY DEVELOPMENT OF HORSELIKE ANIMALS, THE SPAN OF THE
CHEEK TEETH INCREASED ABOUT 3 CENTIMETERS BETWEEn THE (A) MERYCHIPPUS
anp EQuus, (B) PARAHIPPUS AND MERYCHIPPUS, (c) MESonIPPUS AnD PARA-
HIPPUS, (D) OROHIPPUS AND MESOHIPPUS.

10. -IN COMPARING THE TIME §T TOOK FOR THE CHANGES IN THE SPAN OF THE

CHEEK TEETH IN HORSELIKE ANIMALS, THE INCREASE FROM 4.3 cm 1o 8.3 o,

WHEN COMPARED TO THE INCREASE FROM 8.3 ¢ TOo 12,3 €M, TOOK ABOUT (a)

2 TIMES As LOnG, (B) 4 TiMES As Long, (c) 6 TiMes As Long, (o) 8 Times

AS LONG.

APPLICATIONS

SKELETONS OF ANCIENT MANLIKE ANIMALS HAVE BEEN FOUND AND STUDIED BY SCIENTISTS.
DESCRIBE HOW THE LENGTH OF THE JAW IN THESE PRIMITIVE SKELETONS COMPARES WITH
THE LENGTH OF THE JAW IN MODERN MAN,

‘lllllil 303
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ATMOSPHERE & WEATHER
LeveLs Junior HigH

ACTIVITY: WHAT ConpITIONS AFFECT HEAT ABSORPTION BY SoiIL?

MATERIALS: (PER TEAM)
THREE 900 ML BEAKERS TWO PINTS OF DARK SOIL
THREE THERMOMETERS ONE PINT OF LiGHT=COLORED SOIL
THREE CARDBOARD COVERS FOR BEAKERS WATER
AT LEAST A 150 WATT LIGHT BULB WITH  KNIFE
SOCKET AND CORD

PROCEDURE ¢

A.
8.

c.

D.

E.

FiLL ONE BEAKER WITH LIGHT=COLORED, DRY SOIL AND THE OTHER
TWO WITH DRY, DARK SOlL. LABEL THE BEAKERS A, B, ano C.

POUR ENOUGH WATER IN ONE OF THE DARK SOIL SAMPLES TO MAKE

IT MUDDY:. STIR THE MIXTURE CONSTANTLY,

CuT A HOLE IN THE MIDDLE OF EACH CARDBOARD "COVER LARGE ENOUGH
TO PUSH A THERMOMETER THROUGH. PLACE A COVER OVER EACH
BEAKER AND PUSH THE THERMOMETER ABOUT HALFWAY INTO THE SOilL,
PLACE THE BEAKERS AROUND A 150=WATT LIGHT BULB, ABOUT 3 .
INCHES FROM THE BULB., BE SURE ALL THE BEAKERS ARE EQUALLY
DISTANT FROM THE BULB, )

TAKE A READING, EVERY THREE MINUTES, OF EACH THERMOMETER
AND RECORD THE TEMPERATURE BELOW. REPEAT 10 TIMES,

WHAT DO WE SEE?

1.

WITH THE INFORMATION YOU HAVE GOTTEN TOGETHER, MAKE A GRAPH
USING THE FOLLOWING SYMBOLS S

LIGHT=COLORED DRY SOIL
DARK«COLORED DRY SOIL
DARK=COLORED WET SOIL

21

TIME IN MINUTES
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1.

2.

3.

5'

~ WHAT DO WE

270

EXPLAIN THE PATTERN OF YOUR ea7pu.

/

IN WHICH BEAKER DID THE TEMPERATURE RISE THE MOST? ExXPLAIN
WHY THIS WAS THE CASE,

IN WHICH SOIL SAMPLE DID THE TEMPERATURE ©ISE THE LEAST?
EXPLAIN WHY YOU THINK THIS WAS THE CASE.

I7 YOU GOT WET IN THE RAIN, WOULD YOU FEEL CoLD? WHY?

WoULD THE SAME KIND OF CHANGE HAPPEN TO THE SOIL SAMPLE THAT
WAS WET?

IN THE SUMMER 1S IT BETTER TO WEAR LIGHT OR DARK CLOTHING?
WHY?

DOES THE COLOR OF CLOTHING WORN AFFECT BODY TEMPERATURE?

DOES THE COLOR OF SOjL AFFECT ITS TEMPERATURE? WHY?
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ATMOSPHERE - WEATHER
Lever: HigH ScHool

ACTIVITY: ABSORPTION AND RADIATION OF ENERGY: LAND AND WATER

PurRPOSE: TO SEE WHETHER LAND AND WATER DIFFER IN THE ABSORPTION
AND RADIATION OF HEAT ENERGY.

BACKGROUND ¢

THE CONTINENTS AND ISLANDS OF THE EARTH COMPRISE ONLY ABOUT ONEe
FOURTH OF ITS SURFACE. THE REMAINING THREE=FOURTHS IS WATER, IF
THESE TWO' MATERIALS==LAND AND WATER==DIFFER IN THEIR ABILITY TO
ABSORB AND RETAIN THE HEAT ENERGY TRANSMITTED TO THEM BY THE SUN,
THIS WOULD EXPLAIN IN LARGE MEA3SURE THE GREAT OIFFERENCES IN THE
WEATHER AND CLIMATE OF COASTAL REGIONS AS AGAINST REGIONS IN CON=
TINENTAL INTERIORS,

IN THIS INVESTIGATION, WE SHALL COMPARE THE TEMPERATURE CHANGES
THAT OCCUR ON A SMALL "LAND" SURFACE AND A SMALL WATER SURFACE, FIRST
AS THEY ARE WARMED BY THE RADIATION FROM AN INCANDESCENT BULB SERVING
AS THE "Sun", AND THEN AS THEY COOL OFF AFTER THE SUN "seTs”,

MATERIALS

SMALL BEAKERS (ABOUT 250 C.C.) OR DEEP DISHES OR BOWLS; DESK LAMP

OR CLIP=ON LAMP; INCANDESCENT BuULB (AT LEAST 100 WATTS); THERMOMETERS
(RANGE AT LEAST 0°C TO 509C, or 32°F TO 122°F); RING STANDS AND
CLAMPS; SAND OR SOIL; WATER,

|
\
|
\
PROCEDURE 3
TAKE TWo SMALL BEAKERS (OR DEEP DISHES OR BOWLS). HALF FiLL ONE

BEAKER WITH WATER AT ROOM TEMPERATURE. FILL THE SECOND BEAKER WITH

SAND OR SOIL TO THE SAME LEVEL. PUT THE TWO BEAKERS CLOSE TOGETHER,

BUT NOT TOUCHING, PLACE THE ELECTRIC LIGHT (SWITCH OFF) DIRECTLY=

OVER THE CENTER POINT BETWEEN THE TWO BEAKERS, ABOUT ONE FOOT ABOVE

THE WATER AND SOIL SURFACES,

PLACE ONE THERMOMETER IM THE SOIL WITH ITS BULB JUST BELOW THE
|
|
|
|
\

SURFACE., PLACE THE SECOND THERMOMETER AT EXACTLY THE SAME LEVEL
IN THE WATER. WHEN BOTH THERMOMETERS SHOW THE SAME READING==WHICH
SHOULD BE JUST ABOUT ROOM TEMPERATURE~=RECORD THE READING IN THE
TABLE BELOW, SWITCH ON THE BULB, AND THEN RECORD THE READINGS OF
BOTH THERMOMETERS EVERY TWO MINUTES FOR TEN MINUTES.

AT THE END OF 10 MINUTES SWITCH OFF THE LIGHT, CONTINUE TO

— RECORD THE THERMOMETER READINGS FOR 10 MORE MINUTES.

PLOT THE READINGS ON GRAPH PAPER, USING TWO DIFFERENT KINDS OF

LINE TO REPRESENT THE TWO OIFFERENT MATERIALS.

LigHT ON LigHT OfF

——

TINE [CITTD) 0 2 4 6 O 70 12 14 16 18 20
WATER
Lano
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o 2 4 6 8 10 122 1 16 18 2
TiMe IN MinuTES

ANALY31S UF OBSERVATIONS S
1o ABCORPTION OF HEAT ENERGY
DID THE TWO MATERIALS WARM UP AT THE SAME RATE? {r wNoT,
WHICH WARMED UP FASTER? How MANY OF YOUR CLASSMATES (TEAmMs)
HAVE RESULTS THAT AGREE WITH YOURS? How MANY DIFFER?
ON THE BAS!5 OF THESE RESULTS, WHAT MAY YOU SAY REGARDING THE
RELATIVE AGILITY OF LAND AND WATER TO ABSORB RADIANT ENERGY?

2. RADIFTION OF HEAT ENERGY

DID THE LAND AND WATER COOL OFF AT THE SAME RATE? lr
NOT, WHiCH GCOLZD OFF FASTER? How DD YOUR CLASSMATES RESULTS
ACREE WITi: YOURSY CN THE BAS!S OF THESE RESULTS WHAT CAN YOU

SAY REGARDING 7HE RATE AT WHICH LAND AND WATER LOSE HEAT?

o

WiAT REASONS CAN OU GIVE FOR THE DIFFERENT RATES AT WHICH LAND AND
WATER ABSORB A:th LOSE HEAT?

3. APPLICATION TO THE EARTH

WHAT :ZFFECT WILL THE DIFFERENT RATES OF HEATING AND COOLING OF
LAND AHD WATER HAVE ON THE SUMMER WEATHER OF INLAND PLACES AS COM~
PARED WITH COASTAL PLACES?

WHAT EFFECT WILL THERE BE ON THEIR WINTER WEATHER?

4, WHAT CAREERS DO YOU THINK WOULD NEED TO BE FAMILIAR WITH THE
CONCEPT OF THIS ACTIVITY? LisT,
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ATMOSPHERE - WEATHER
Lever: HigH ScHooL

ACTIVITY: WeaTHER FORECASTING

ProBLEM

FAIRLY RELIABLE WEATHER FORECASTS MAY BE MADE FROM YOUR UNDERSTAND INGS
OF THE PRINCIPLES OF WEATHER FORMATION AND YOUR KNOWLEDGE OF MEASURINAR
TECHNIQUES, THESE PREDICTIONS SHOULD NOT BE CONSIDERED VALID FOR MORE
THAN 12 To 24 HOURS, HoWw MAY AMATEUR WEATHER FORECASTS BE MADE?

MATERIALS S y
EITHER AN ANERCID OR MERCURIAL™ BAROMETER THERMOMETER
CORRECTED FOR THE ALTITUDE WHSRE THE WiND VANE

READING IS MADE HYGROMETER

PROCEDURE :
MAKE A TABLE ON SEPARATE SHIZEVS OF PAPER ON WHICH TO RECORD THE

FOLLOWING DATA AT LEAST ONCE EACH DAY FOR SEVERAL WEEKS:

A’) BAROMCTER READING

8) DIRECTION OF MOVEMENT OF THE BAROMETER
c; WIND DIRECTION
0) TYPE CF CLOUD FORMATION
€) RELATIVE HuMiotTY (OUTOOOR)
f) TEMPERATURE

PROVIDE A COLUMN ON YOUR DATA TABLE FOR YOUR PREDICTION FOR EACH
DAY. N THE NEXT COLUMN, RECORD WHAT THE ACTUAL WEATHER WAS FOR THAT
DAY AND COMPARE THE TWO TO DETERMINE THE ACCURACY OF YOUR PREDICTION,
USING THE DATA GIVEN IN THE KEY BELOW, THE PREDICTION MAY EASILY BE

MADE,

INTERPRETATIONS

A. CLouo FORMATION WEATHER INDICATION
CUMULUS OR ALTOCUMULUS FAtR
CuMuLON IMBUS RAIN OR THUNDERSTORM
DENSE CIRRUS WITH HOOKED ENDS RAIN

ALTOSTRATUS FOLLOWING CIRROSTRATUS RaIN

B. BAROMETER TENDENCY WEATHER_INDICATION
FALLING RAPIOLY APPROACHING COLD FRONT
FALLING sLOWLY APPROACHING WARM FRONT
RISING RAPIOLY " PASSING COLD FRONT
RisinGg sLowLy CoLD AIR MASS IN AREA
C. WinD BAROMETER READ ING WEATHER [NDICATION
SW T0 W STeaoy AT 30.1 AIR
SWTo NW - RisinG aBovE 30.1 FAIR FOLLOWED BY CHANGE
SW T0 MW STATIONARY ABOVE 30,2 FAIR
SW To NW FALLING FROM 30.2 FAIR WITH RISING TEMPERATURE
S 1o SE FALLING SLowLY FROM 30.2  RAIN
S 10 SE FALLING RAPIOLY FROM 30.2 RAIN, WINDS
l SE To NE FALLING SLOWL .2  RAIN
El{l(j SE to NE FALLING RAPIOL .2 RAIN, WINDS
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E to NE FALLING sLowLY BUT ABOVE 30 WINDY, OVERCAST

E 1o NE FALLING RAPIDLY BELOW 30 RaIN

SE te NE FALLING stowLy BELow 30 CONTINUED RAIN

SE to NE FALLING RAPIDLY BELOW 30 RAIN, WIND

S 10 SW RISING SLOWLY FAlR

SToE FALLING RAPIDLY STORM

EToN FALLING RAPIDLY SEVERE STORM

MOVING TO WEST RistNG CLEARING, FAIR, COOLER

AFTER STORM
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ATMOSPHERE -~ WEATHER
LeveL: HigH ScHooL

ACTIVITY: It*s NoT THE HgAT; {T%s THE HUMID!TY

PROCEDURES ¢
A. CLean HaNDS FOR SclENCE

WE KNOW THERE 1S WATER IN THE AIR; EVERY RAINSTORM TELLS US THAT.
WE HAVE SOME IDEAS ABOUT HOW IT GETS THERE. THE HINT COMES FROM
EVERY CLOTHESLINE. THE CLOTHES DO GET DRY. MAYBE DRYING CAN TELL
US SOMETHING ABOUT WATER ENTERING THE AIR,

MAKE YOUR HANDS EQUALLY WET. THEY SHOULD NOT BE ORIPPING.
KEEP YOUR LEFT HAND STILL AT YOUR SIDE. SwING YOUR RIGHT ARM AROUND
IN A CIRCLE. KEEP IT UP FOR AT LEAST THIRTY SECONDS.

1. NOW LOOK AT YOUR TWO HANDS. WHICH !S DRIER?

2. WHICH HAND 1S COLDER?

THERE ARE MORE WATS OF GETTING RID OF WATER THAN BY JUST WAVING
IT AWAY. ADD ABOUT 20 ML OF WATER TO A FLAMEPROOF DISH OR BEAKER.
PLACE IT OVER A BURNER AND HEAT T.

3. AFTER A SHORT TIME, WHAT HAS HAPFENED TO THE WATER?

B. Wer Wino, DrY WinD

WHEN WE WAVED WET HANDS AROUND, THE WATER WENT INTO THE AIR.
WHEN WE HEATED WATER, IT WENT INTO THE Alite HOW CAN WE GET SOME
OF THIS WATER BACK?

TAKE A SHINY METAL CuP, FILL IT HALF FULL OF WATER. ADD
PIECES OF ICE UNTIL IT IS ALMOST FULL, NOW KEEP LOOKING AT THE
OUTSIDE SURFACE OF THE cup,

4, WMAT HAPPENS AFTER A WHILE?

A CAR IS SOMETIMES WET EARLY IN THE MORNING EVEN THOUGH IT
DIDON'T RAIN.

5¢ WHAT DO YOU THINK HAPPENED TO THE CAR'S TEMPERATURE ODURING
THE NIGHT?

S0 DROPS OF WATER FORM ON COLD SURFACES. [T HAPPENS ON CARS
AND COLD CANS FROM THE REFRIGERATOR. [T EVEN HAPPENS ON EYEGLASS
LENSESs BUT WHAT HAPPENS WHEN T RAINS? THERE ARE NO COLD METAL
CUPS UP IN THE AIRe WE SEE CLOUDS AND KNOW THEY BRING RAIN, SNOW,
AND HAIL, CLOUDS FORM IN AIR., AIR MAY BE WARM OR COLD. LET'S
COOL SOME A#R AND SEE WHAT HAPPENS.

FILL A JAR ABOUT ONE~QUARTER FULL OF WARM WATER. TIE SOME
PIECES OF ICE IN A PIECE OF CHEESECLOTHe MAKE THE BUNDLE LARGER
THAN THE MOUTH OF THE JAR., PLACE THE BUNDLE OF |CE ON THE MOUTH

‘OF THE JAR AND OBSERVE THE JAR FOR A Fii MINUTES.

L]
.
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WHAT IS HAPPENING INSIDE?

WHAT 1S FLOATING AROUND {N THE AIR THAT MIGHT BE MISSING IN
THE JAR?

LIGHT A SPLINT AND LET IT BURN FOR A MOMENT. BLow OUT THE

FLAME SO THE SPLINT GLOWS., LOWER THE GLOWING SPLINT INTO THE JAR
FOR 1 OR 2 SECONDS, THEN REMOVE IT, PLACE THE BUNDLE OF !CE ON
THE MOUTH OF THE JAR.

8.

9.
10.

OBSERVE THE JAR FOR A FEW MINUTES, WHAT IS HAPPENING INSIDE?
WHAT DID WE DO TO THE AIR IN THE JAR TO GET THIS RESULT?

WHAT DID THE GLOWING SPLINT ADD FOR THE FOG TO FORM AROUND?




WATER AND 'SUPPLY
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EARTH SCIENCE = WATER & SUPPLY
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: WATER SUPPLY (unDERGROUND)
Lever: Junior HigH & ABOVE

ACTIVITY: How LARGE A WATERSHED WOULD BE REQUIRED FOR YOUR TOWN?
MATERIALS: GEOLOGICAL SURVEY MAP WITH LOCATION OF GAGING
STATIONS IN YOUR AREA
SUMMARY OF STATISTICS PERTINENT TO THE GAGING
STATIONS YOU WANT TO USE

INTRODUCTION TO TEACHER: THIS ACTIVITY COULD BE A PART OF A
COMMUNITY UNIT ON WATER OR COULD BE A SEPARATE ACTIVITY, A
TEACHER WOULD NEED TO RELATE THIS ACTIVITY TO THEIR OWN LOCAL
SITUATION.

PROCEDURE ¢

ALL FRESH WATER ON THE SURFACE OF THE EARTH ONCE FELL AS
PRECIPITATION==RAIN, SNOW, OR IN OTHER FORMSe. PART OF THE
PRECIPITATION EVAPORATED AND RETURNED TO THE ATMOSPHERE AS
WATER. VAPOR; PART OF IT WAS CONSUMED BY PLANTS AND VEGETATION
AND THROUGH THE PROCESS OF TRANSPIRATION RETURNED TO THE ATMO=
SPHERE A5 WATER VAPOR, WATER THUS RETURNED TO THE ATMOSPHERE
IS COMMONLY REFERRED TO AS "NATURAL WATER Loss". [T IS THE
REMA INDER OF THE PRECIPITATION AFTER THIS NATURAL WATER LOSS
HAS BEEN- SUBTRACTED, THAT FEEDS OUR STREAMS AND SUPPLIES MAN
WITH WATER FOR HIS MANY NEEDS, '

HAS IT EVER OCCURRED TO YOU THAT WATER IS A FORM OF CROP,
LIKE CORN? YOU HAVE SEEN STATISTICS ON THE NUMBER OF ACRES OF
PRODUCTIVE LAND REQUIRED TO SUPPLY EACH PERSON WITH HIS NECES=
SARY REQUIREMENTS OF FOODe LIKEWISE, A CERTAIN NUMBER OF ACRES
OF LAND IS REQUIRED PER PERSON TO SUPPLY THE WATER NEEDS OF
THAT PERSON, AN INTERESTING ACTIVITY MIGHT BE TO DETERMINE
HOW LARGE AN AREA IN YOUR GENERAL VICINITY WOULD BE REQUIRED
TO SUPPLY YOUR TOWN OR COMMUNITY WITH WATERe SUPPOSE YOU LIVE
IN A TOWN OF 10,000 POPULATION, AND WE ASSUME THAT THE USE OF
WATER IS 100 GALLONS PER DAY PER CAP!TA. YOUR TOWN WOULD USE
1,000,000 GALLONS PER DAY, SR 365,000,000 GALLONS PER YEAR.

YOUR PROBLEM IS TO DETERMINE THE WATER=PRODUCTIVITY OF THE
LAND IN YOUR GENERAL VICINITY., THE GEOLOGICAL SURVEY CAN SUP=
PLY YOU WITH A SMALL MAP OF YOUR STATE, SHOWING THE. LOCATION
OF GAGING STATIONS ON SOME OF THE PRINCIPAL STREAMSe. A GAGING
STATION IS A POINT WHERE THE FLOW OF A STREAM IS ACTUALLY MEA=~
SURED WITH SPECIAL KINDS OF EQUIPMENT, A CONTINUOUS RECORD
OF THE FLOW IS KEPT, SO THAT IT IS POSSIBLE TO COMPUTE THE
VOLUME OF WATER THAT HAS PASSED THE GAGING STATION IN ANY ONE
DAY, MONTH, YEAR, OR WHATEVER PERIOD OF TIME IS DESIRED.

IN ADDITION TO THE MAP, THE GEOLOGICAL SURVEY CAN FURN{SH
YOU A SHEET SHOWING THE NAMES OF THE GAGING STATIONS WHOSE
LOCATIONS ARE PLOTTED ON THE MAP, AND A SUMMARY OF THE STATIS=
TiCcs PERTINENT TO THESE STATIONS, THE STATISTICS YOU WwiLL
WANT TO USE ARE DRAINAGE AREA AND AVERAGE DISCHARGE IN ACRE=FEET,

@ s
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BEFORE WE GO FURTHER, THESE TERMS SHOULD BE DEFINED, THE
TERM "DRAINAGE AREA" AS USED HERE MEANS THE AREA, EXPRESSED IN
SQUARE MILES, OF THE DRAINAGE BASIN ABOVE THE GAGING STATION.
A DRAINAGE BASIN CAN BE COMPARED TO AN IRREGULAR SHAPED BOWL
THAT IS OPEN ON ONE SIDEe THE MAIN STREAM OCCUPIES ROUGHLY THE
MIDDLE OF THE BOWL AND FLOWS OUT THROUGH THE OPEN SIDE. TRIB=
UTARY STREAMS FLOW DOWN THE SIDES OF THE BOWL IN THE GENERAL
DIRECTION OF THE MAIN STREAM, INTO WHICH THEY EVENTUALLY EMPTY.,
. "AVERAGE DISCHARGE" IS THE AVERAGE VOLUME OF FLOW, OVER A PERIOD
' OF YEARS~==EITHER SOME SPECIFIED PERIOD, OR THE ENTIRE PERIOD
DURING WHICH RECORDS HAVE BEEN COLLECTED AT A GIVEN GAGING
STATION. AVERAGE DISCHARGE MAY BE EXPRESSED IN TERMS OF FLOW
STATED IN CUBIC FEET PER SECOND (CFS) OR IN ACRE=FEET PER YEAR.
AN "ACRE=FOOT" OF WATER IS THE AMOUNT OF WATER REQUIRED TO
COVER AN ACRE OF FLAT SURFACE TO A DEPTH OF ONE FOOT. HENCE
AN ACRE~FOOT.OF WATER IS EQUIVALENT To 325,821 caLLons.
To DEMONSTRATE HOW YHESE FIGURES CAN BE USED, SUPPOSE
YOU LIVE {N NORTH=CENTRAL OHIO, AND UPON EXAMINING THE MAP
YOU FIND THAT GAGING STATION 30, ON THE SANDUSKY RIVER NEAR
FREMONT, J§ THE NEAREST-STATION. YOU WOULD FIND THAT ITS
DRA INAGE AREA 1S 1, 248 sauare MILES AND ITS AVERAGE DISCHARGE
I1s 661,000 ACRE-FEET PER YEAR. DIVIDE 661,000 sy 1,248 ano
You GET 530 ACRE=FEET PER SQUARE MILE PER YEAR AS THE AVERAGE
DISCHARGE OF SANDUSKY RIVER, HOWEVER, THESE COMPUTATIONS
ASSUME. THAT ALL THE FLOW OF THE STREAM, EVEN DURING FLOODS,
CAN BE STORED FOR 'LATER USE. IT 1S NOT PRACTICABLE TO STORE
ALL THE FLOW,. FOR MANY REASONS., HENCE, IN ORDER TO MAKE THE
aesuurs*uqa; REALISTIC, ASSUME THAT ONLY ONE=HALF THE COMPUTED
{ELD CAN BE STORED. IN TH!S EXAMPLE, THEN, YOU WOULD ASSUME
THAT 265 ACRE-FEET PER YEAR 1S AVAILABLE FOR STORAGE FOR' YOUR
MUNICIPAL NEEDS.

To COMPUTE THE S!ZE OF DRAINAGE BASIN NEEDED TO SUPPLY
YOUR HYPOTHETICAL TOWN WITH WATER, YOU NEED TO CONVERT THE
3653;000,000 . GALLONS PER YEAR USED BY YOUR TOWN TO ACRE=FEET
PER YEAR,- AND THEN ©OMPARE THE RESULT WITH THE YIELD OF THE
SANDUSKY RIVER. DiviDING 365,000,000 GALLONS PER YEAR BY
325,82] GALLONS PER ACRE-~FOOT, YOU WouLD GET 1,120 ACRE=FEET
PER YEAR AS THE AMOUNT USED. THEN BY ASSUMING THAT A STREAM
IN YOUR GENERAL VICINITY YIELDS THE SAME AS THE SANDUSKY R1VER,
YOy CAN DIVIDE 1,120 ACRE=FEET PZR YEAR BY 265 ACRE-FEET PER
YEAR PER SQUARE MILE AND OBTAIN 4.2 SQUARE- MILES AS THE SIZE
OoF "WATERSHED" NEEDED TO SUPPLY YOUR TOWN. _

As YOU MAY SUSPECT, THE EXAMPLE PRESENTED IN THIS OUTLINE
IS SIMPLIFIED. [N ACTUAL PRACTICE, MANY VARIABLE PHYSICAL.
FACTORS MUJT BE AGCOUNTED FOR IN DESIGNING A PROJECT THAT
UTILIZES THE FLOW OF A STREAM. FINALLY, WE CALL ATTENTION
TO THE FACT THAT THIS EXAMPLE PERTAINS TO STREAMFLOW ONLY.
MANY MUNICIPALITIES OBTAIN PART OR ALL OF THEIR WATER FROM
WELLS, WHICH PRESENTS AN ENTIRELY DIFFERENT PROBLEM,

Qo C | ' 3
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WATER AND SUPPLY
Lever: Jre HiGH OR HiGH ScHooL

ACTIVITY: Measure THE Stope oF A FIELD

SLOPE IS EXPRESSED IN PERCENT, MEANING THE NUMBER OF UNITS THE
LAND FALLS (OR RUISES) IN 100 UNITS OF HORIZONTAL DISTANCE. You
CAN MEASURE HOW STEEP A SLOPE IS WITH SOME SIMPLE MATERIALS.,

You WILL NEED A YARDSTICK, A STRAIGHT STICKk EXACTLY 50 INCHES
LONG, AND A CARPENTER'S LEVEL OR A FLAT BOTTLE HALF FULL OF A COLORED
LIQUIDs GO OUT ON A PLAYGROUND OR TO ANY PLACE YOU WOULD LIKE TO
KNOW HOW STEEP THE SLOPE IS, PLACE THE 50«INCH STICK HORIZONTALLY
oM THE GROUND (ONE END WILL BE HIGHER THAN THE OTHER BECAUSE OF THE
SLOPE), PUT THE LEVEL (OR THE BOTTLE) ON THE 50=INCH STICK, AND
MOVE THE FREE END OF THE STICK UP OR DOWN UNTIL THE BuUBBLE (or THE
WATER) SHOWS THAT THE STICK 1S LEVEL.

READ ON THE YEARDSTICK THE DISTANCE FROM THE GROUND TO THE
BOTTOM EDGE OF THE HORIZONTAL STICK. THIS READING IN INCHES,
MULTIPLIED BY 2, GIVES THE PERCENT OF SLOPE,

IF you use A sTick 100 INCHES LONG, THEN THE READING ON THE
YARDST ICK WOULD GIVE THE PERGENT OF SLOPE AND YOU WOULD NOT NEED
TO MULTIPLY BY 2,

INTERPRETATION®

SLOPE 1S A VERY IMPORTANT LAND FEATURE. IT OFTEN DETERMINES
WHETHER A PIECE OF LAND SHOULD BE USED FOR GRASS, TREES, OR CUL=
TIVATED CROPS.

THE SIZE OF PARTICLES MOVED BY WATER RANGES FROM THE SMALLEST
CLAY PART!CLES, CARRIED IN SUSFENSION, TO LARGE STONES AND BOULDERS
THAT SLIDE OR ROLL ALONG ON STEEPLY SLOPING STREAM BEDS.

WATER FLOWS SLOWLY OVER ‘A SENTLE SLOPE AND RAPIDLY OVER A STEEP
ONE. SINCE THE SLOPE OF A FIELD ITSELF CANNOT BE CHANGED, A FARMER
NEEDS TO DO WHAT HE CAN TO SLOW THE MOVEMENT OF WATER DOWN HIS SLOPES.
GROWING GRASS OR TREES, OR USING CONSERVATION MEASURES LIKE CONTOUR
FARMING AND STRIP=CROPPING witL HELPe OR HE MAY SHORTEN THE LENGTH
OF SLOPE BY BUILDING TERRACES AND DJVERSIONS,

BUT REDUCING THE SPEED OF THE WATER 1S ESSENTIAL.

INCREASING THE VELOCITY OF A STREAM INCREASES ITS CUTTING OR
ERODING POWERe THE GREATLY MAGNIFIED POWER OF SWIFT CURRENTS AS
COMPARED WITH THAT OF SLOW ONES EXPLAINS THE WORK OF STREAMS AT
FLOOD STAGE ON STEEP SLOPESe




WATER AND SUPPLY
LeEvEL: Jr. HiGH orR HigH ScHooL

ACTIVITY: See How CapiLLArRY WATER Moves THrougH SolL

MATERIALS S

3 OLD=FASHIONED LAMP CHIMNEYS OR GLASS OR PLASTIC CYLINDERS PLUS 3
SMALL PANS OR LOW WIDE=MOUTHED GLASS JARS, SOME THIN CLOTH, AND
SOME STRING OR RUBBER BANDS.

PROCEDURES ¢
FASTEN THE CLOTH OVER THE TOP OF THE LAMP CHIMNEYS OR THE CYLINe
DERSe TURN THEM UPSIOE DOWN AND FILL EACH THREE=FOURTHS FULL WITH
ONE OF THE FOLLOWING DRY SOILS:
1o SAND
2. CLAY solte THIS KIND OF SOLL IS STICKY WHEN WET AND DRIES
IN HMARD CLODSe GRIND UP THE CLODS AND PUT THE DRY CLAY IN
THE CHIMNEY,
3. DARK, CRUMBLY SOIL LIKE THAT FOUND UNDER GOOD GRASS SOD,
OR GET TOPSOIL FROM A GARDEN OR COMMERCIAL NURSERY.
JAR THE CYLINDERS SLIGHTLY BY BUMPING ON A TABLE TO SETTLE
THE soiL. BE SURE THE SOlLS ARE DRY,
SET THE CYLINDERS IN THE JARS AND POUR WATER IN TAE JARS==DO
NOT POUR WATER IN THE CYLINDERSs
KEEP A RECORD OF HOW LONG IT TAKES THE WATER YO MOVE UP 1 INCH,
2 INCHES, AND 3 INCHES IN EACH CYLINDER, NOTE How LONG IT TAKES
FOR THE WATER TO REACH THE TOP OR WHETHER [T EVER REACHES THE TOP,
THE IDEA IS TO COMPARE THE CAPILLARY MOVEMENT OF WATER IN COARSE,
MEDIUM, AND FINE SOIL PARTICLES,

INTERPRETATIONS ¢

MOISTURE MOVES THROUGH SOIL IN ALL DIRECTIONS, EVEN AGAINST
GRAVITY, BY CAPILLARY MOVEMENT, THIS MOVEMENT IS CAUSED BY THE
ATTRACTION WATER MOLECULES HAVE FOR EACH OTHER AS WELL AS THE ATe
TRACTION BETWEEN WATER MOLECULES AND SOIL PARTICLESe WATER MOLE~>
CULES CLING TOGETHER AND FORM DROPLETS IN THE AIR OR ON A GREASY
SURFACE WHERE THERE |S NOTHING TO INTERFERE, BUT WHEN A DROP OF
WATER FALLS ON SOIL PARTICLES, IT SPREADS OUT AS A THIN FILM OVER
THE SOIL PARTICLES==BECAUSE THE ATTRACTION BETWEEN THE SOIL PARTICLES
AND THE WATER MOLECULES |S GREATER THAN THE ATTRACTION BETWEEN THE
WATER MOLECULES THEMSELVES, WATER THAT MOVES THROUGH SOIL THIS
WAY IS KNOWN AS CAPILLARY WATER.

How FAR AND HOW FAST CAPILLARY WATER WILL MOVE IN A SOiL DEPENDS
ON THE SIZE OF THE SOIL PARTICLES AND THE CONDITION OF THE SolLe
IF THE SPACES AROUND THE SOli. PARTICLES ARE LARGE, THE ATTRACTION
BETWEEN THE WATER MOLECULES AND THE SOIL PARTICLES WILL NOT BE
ENOUGH TO OVERCOME THE WEIGHT CF THE WATER AND IT WILL NOT RISE
APPRECIABLY; HOWEVER, WHAT MOVEMENT IT MAKES wiLL BE RAPID BECAUSE
THERE WILL BE LITTLE FRICTION. THis IS 'RUE IN SANDY SOILSs

ON THE OTHER HAND, IN FINE=TEXTURED SOILS THE PARTICLES ARE
CLOSER TOGETHER AND THE ATTRACTION BETWEEN SOIL AND WATER IS GREATERe
WATER MAY THEN BE EXPECTED TO RISE MORE SLOWLY BUT HIGHER IN SOILS

OF FINE TEXTURE.
3<%
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UNDER FIELD CONDITIONS MOISTURE MOVES FROM WETTER SOIL TO DRIER
SOiL, THE DIFFERENCE 1S NOT ALWAYS GREAT, THEREFORE CAPILLARY WATER
MOVES SLOWLY AND NOT FARe EVEN SO, ENOUGH MCISTURE MOVES A SHORT
DISTANCE TO THE ROOTS OF GROWING PLANTS TO MAKE IT AN IMPORTANT
PLANT=SOIL RELATIONSHIP.

MUCH SOIL MOISTURE CAN BE LOST WHEN CAPILLARY WATER MOVES TO
THE SURFACE AND EVAPORATES. USING MULCHES CAN REDUCE THIS.




WATER AND SUPPLY
Lever: JR. HigH oR HiGH ScHooL

ACTIVITY: CoMmPARE How MucH WATER DIFFERENT SoiLs HoLp

MATERIALS:

2 cANS OF equAL s1ze (COFFEE cANs WILL Do)

Two 18=1INCH SQUARES OF CLOTH SOME HEAVY STRING

A PACKAGE OR SIMILAR SCALE THAT WEIGHS CONTAINER OF WATER SUCH AS

vp To 64 ounces or 2,000 GRAMS A 2= OR 3=GALLON BUCKET

OR A 5=QUART OIL CAN
WITH THE TOP CUT OUT.

PROCEDURES :

PUT EQUAL VOLUMES OF SOIL IN THE TWo CANS, TAKE THE SolL FOR
ONE FROM A FIELD OR GARDEN THAT HAS BEEN CULTIVATED FOR SEVERAL
YEARS AND THAT SHOWS LACK OF ORGAN{C MATTER., THIS SAMPLE SHOULD BE
HARD AND CLODDYe GET THE OTHER FROM A WELL=MANAGED FIELD WHERE
GRASSES AND LEGUMES HAVE BEEN GROWN, OR FROM A GOOD PASTURE OR
SIMIIAR LOCATIONs THIS SAMPLE SHOULD 3E CRUMBLY AND FREE FROM
CLODS,

FIRST ALLOW THE SOILS TO DRYe

EMPTY THE TWO SOJ. SAMPLES ON THE CLOTH SQUARES, PULL THE CORNERS
TOGETHER, AND TIE WiTH'A HEAVY STRING, WEIGH EACH SAMPLE AND RECORD
THE WEIGHT,

SATURATE EACH BAG OF SOIL BY HOLDING IT IN THE WATER LONG ENOUGH
TO SOAK THOROUGHLY, REMOVE THE SOIL SAMPLES FROM THE WATER AND ALLOW
THEM TO DRAIN OFF THE FREE WATER FOR A FEW MINUTES. THEN WEIGH AGAIN
AND RECORD THE WEIGHTS,

CALCULATE THE DIFFERENCE IN WEIGHT,

ANOTHER WAY TO MEASURE THE WATER=HOLDING CAPACITY OF SolILS IS
TO USE TWO OLO=FASHIONED LAMP CHIMNEYS OR CYLINDERS, TIE A CLOTH
OVER THE TOP, TURN THEM UPSIDE DOWN, AND FILL THEM ABOUT TWO=THIRDS
FULL WITH THE SAME TWO SOILS,

BE SURE THE S0#LS ARE EQUALLY DRY.

PLACE THE CHIMNEYS IN SMALL=MOUTH FRUIT JARSe

POUR A PINT OF WATER INTO EACH CHIMNEY. THEN NOTE HOW LONG
IT TAKES THE WATER TO BEGIN TO DRIP INTO THE JARS, HOW MUCH WATER
COMES FROM EACH SOIL, AND HOW LONG THE WATER CONTINUES TO DRIP,

INTERPRETATIONS :

WHEN ORGANIC MATTER IS USED UP, SOIL PACKS TOGETHER, THUS,
A CLODDY SOIL HAS FEWER AIR SPACES, ITS PARTICLES DO NOT CLING.TO=
GETHER IN GRANULES, AND THE LACK OF ORGANIC MATTER MEANS THAT [T
WEIGHS MORE THAN AN EQUAL VOLUME OF CRUMBLY SOIL FROM A WELL=MAN=
AGED PLOT.

NOT ONLY DOES A CRUMBLY SOIL TAKE IN WATER FASTER THAN A CLODDY
ONEy, IT HOLDS MORE. THE THOROUGHLY DECOMPOSED ORGANIC MATTER
(HuMuUS) IN A CRUMBLY SOIL CAN 'ABSORB LOTS OF WATER. ON A DRY=-
WEIGHT BASIS, THIS HUMUS HAS A WATER=HOLDING CAPACITY OF SEVERAL
HUNDRED PERCENT AND MAY ACT LIKE A SPONGE. I[N ADDITION TO THE WATER
HELD BY THE ORGANIC MATTER ITSELF IS THE WATER HELD IN THE PORES
BETWEEN THE SOIL PARTICLES AND BETWEEN THE SOIL GRANULES. HUNDREDS OF
VERY FINE SOIL PARTICLES ARE wssmsn BY THE ORGANIC MATTER INTO

SoIL GRANULES. -
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THIS INCREASED WATER=HOLDING CAPACITY OF SOILS HIGH IN ORGANIC
MATTER UNDER NATURAL CONDITIONS MAKES A BIG DIFFERENCE IN THE INTAKE
OF WATER, THESE WELL=MANAGED SOILS CAN ABSORB MOST OF THE RAIN
AND SNOWMELT (1F THE SOIL 1S NOT FROZEN)s THIS MEANS THERE WILL
BE LESS EROSION. STREAMS WILL RUN CLEARe OF COURSE, WHEN THE SOIL
IS SATURATED BY A LONG PERIOD OF RAINFALL, ANY ADDITIONAL WATER
THEN RUNS OFF,



WATER AND SUPPLY
Lever: HieH ScHooL
ACTIVITY: INVESTIGATING THE MOVEMENT OF WATER IN THE EARTH

MATERIALS: ESCP KIT FOR INVESTIGATION 9=3
PLasTic coLuMn 80 cM x 35 MM INSIDE DIAMETER

CiP WITH DRAIN HOSE HOSE CLAMP

SCREEN TO PREVENT BEADS FROM DROWNING BEADS, APPROXIMATELY Yum, Gum,
RING STAND AND CLAMP ano 8um (500 ML oF EAcH PER
2 500 ML BEAKERS CLASS.)

1 100 ML GRADVATED CYLINDER 200 ML OF FINE SAND

200 ML OF COARSE SAND GRAPH PAPER

INTRODUCTION:

HAVE YOU EVER SEEN WATER SEEPING OR FLOWING FROM A HILLSIDE? How
FAST DOES GROUND WATER MOVE THROUGH THE PORE SPACES IN EARTH MATERIALS?
CAN WATER MOVE UPWARD THROUGH SOIL? [N THIS INVESTIGATION YOU WILL
FIND EVIOENCE TO ANSWER SOME OF THESE QUESTJONS BY EXAMINING THREE
PROPERTIES OF EARTH MATERIALS THAT AFFECT THE FLOW OF WATER UNDER=
GROUND ¢ i

PROCEDURE *

CLAMP 80 ¢M TO THE RING STAND AND PUT CAP WITH DRAIN MOSE ON
LOWER END,

PLACE 100 ML OF UNIFORM BEADS IN THE COLUMN, MAKING SURE THE
WIRE SCREEN IS IN POSITION TO PREVENT THE PARTICLES FROM RUNNING
oUT,

A. RECORD THE AMOUNT OF WATER NECESSARY TO JUST COVER THE UPPER

SURFACE OF THE PARTICLES,

B, OPEN THE CiAMP AND ALLOW THE WATER TO RUN OUT INTO A BEAKER.

RECORD THE AMOUNT OF WATER RETAINED CY THE PARTICLES,

Ce Aop 300 ML CF WATER TO THE CYLINCER HOLOING THE BEADS. Recoro

THE TIME REQUIRED FOR THE WATER TO DRAIN THROUGH THE PARTICLES,

REPEAT USING OTHER SI2E PARTICLES,

INTERPRETATION: ANSWER THE FOLLOWING QUEST IONS,

1. WHAT IS THE RELATIONSHIP BETWEEN THE WATER YOU ADD AND
POROSITY, THE PERCENTAGE OF SPACE BETWEEN THE GRAINS?

MAKE A GRAPH SHOWING THE RELATIONSHIP BETWEEN POROSITY AND
THE DIAMETER OF THE PARTICLES. EXPLAIN YOUR RESULTS,

2. MAKE A GRAPH SHOWING THE RELATIONSHIP BETWEEN GRAIN SIZE AND
THE AMOUNT OF WATER RETAINED IN THE COLUMN AFTER DRAINING,
WHAT CONCLUSIONS CAN YOU ORAW FROM THE GRAPH?

3o CONSTRUCT A GRAPH SHOWING THE RELATIONSHIP BETWEEN EACH OF THE
GRAIN SIZES AND THE TIME REQUIRED FOR 300 ML OF WATER TO RUN
THROUGH THEM. EXPLAIN YOUR RESULTS.

4., PERMEABILITY IS THE RATE AT WHICH WATER CAN PASS THROUGH A
POROUS MATERIALe WHAT 1S THE RELATIONSHIP BETWEEN PERMEABILITY
AND SIZE.

SET UP THE APPARATUS FOR INVESTIGATING CAPILLARITY. USE 200 ML OF FINE

DRY SAND IN THE TUBE, WHEN YOUR PARTNER IS READY TO TIME, LOWER THE

TUBE INTO THE WATER SO THAT THE L& JUST BENEATH THE WATER SURFACE,

TIME AND RECORD THE CHANGES IN mm IN THE TUBE AT 30-SECOND

INTERVALS, REPEAT ru“c PROCEDURE, WITH 200ML OF COURSE SAND IN THE TUBE.
5« ON THE BASIS OF szcnvnlous, WHAT IS CAPILLARITY?
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WATER SUPPLY
LeveL: Junior HigH & ABOVE

ACTIVITY: GRoOUND WATER: NATURE & DISTRIBUTION OF AQUIFERS

MATERIALS: CROSS SECTION CHART OF FORMATIONS
QUESTION SHEET

BACKGROUND: A SUDY OF ROCK OR UNCONSOLIDATED SEDIMENT THAT IS
PERMEABLE AND CAN YIELD WATER IS CALLED AN AQUIFER, THE MOST
COMMON AQUIFERS ARE LAYERS OF SAND CR GRAVEL, OR BEOS OF SAND=
STONE, LIMESTONE, AND DOLOMITE. AN INCLINED AQUIFER, THAT IS
EXPOSED AT THE SURFACE AND OVERLAIN DOWN DIP BY AN IMPERMEABLE
LAYER 1S A CONFINED OR ARTESIAN AQUIFER., WHEN AN ARTES!AN
AQUIFER IS PENETRATED BY A WELL, WATER WiLL RISE IN THE WELL
UNDER PRESSURE FROM THE WATER COLUMN IN THE AQUIFER. [F THE
GROUND SURFACE AT THE SITE OF THE WELL IS APPRECIABLY LOWER
THAN THE INTAKE AREA OF THE AQUIFER, THE WATER WILL RISE TO
SURFACE, MAKING THIS A FLOWING ARTESIAN WELL.

PROCEDURE: UsING THE CROSS SECTION CHART DETERMINE AND DO
THE FOLLOWING S

1. LIST THE ROCK UNITS THAT YOU WOULD EXPECT TO CONTAIN
FRESH GROUND WATER,

2. WHICH OF THESE UNITS 1S AN ARTESIAN AQUIFER?
DRAW A COLORED ARROW TO INDICATE THE DIRECTION OF
GROUND WATER MOVEMENT THROUGH THE AQUIFER.

3« SUPPOSE YOU WERE RETAINED AS A CONSULTANT TO LOCATE
WATER WELLS OF THE SEVERAL TYPES LISTED BELOW. ON
THE CROSS SECTION, SHOW BY MEANS OF COLORED LINES LA=
BELED A, B, C, & D THE WELLS OF THE VARIOUS TYPES THAT
YOU COULD ORILL.

A, FRESH WATER, NONARTESIAN WELL

B. FRESH WATER, FLOWING ARTESIAN WELL

C. FRESH WATER, NONFLOWING (PUMPING) ARTESIAN WELL
De SALT-WATER, PUMPING WELL

ALSO INDICATE ONE LOCATION AT WHICH YOU WOULD EXPECT
TO FIND A FRESH WATER SPRING (LABEL E}.

4, SUPPOSE THAT YOU WANTED TO PUMP SALT WATER FOR USE AS
A COMMERCIAL SOURCE OF IODINE, How couLp YOJ PREVENT
THE SALT WATER FROM BEING DILUTED BY FRESH WATER IN
THE wWeELL?

5. IN WHAT OCCUPATIONS CAN YOU THINK OF WOULD THIS TYPE
OF ACTIVITY BE HELPFUL.

Q
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LOCATING PLACES & KEEPING TIME
Lever: Juntor HigH

ACTIVITY: THe LencTH oF Days

MATERIALS: (PER TEAM)

GLOBE WITH AXIS AND BASE STRAIGHT PINS
LIGHT SOURCE MARKING PEN
PROTRACTOR (WATER SoLUBLE INK)
INTRODUCT ION ¢

AT ANY TIME OF THE YEAR, A DAY==FROM NOON TILL NOON==LASTS ABOUT
TWENTY=FOUR HOURS, BUT EXPERIENCE HAS SHOWN YOU THAT DURING SUM=
MER THERE ARE MORE HOURS OF DAYLIGHT THAN OF DARKNESS IN EACH DAY.
_IN WINTER THERE 1S LESS DAYLIGHT IN EACH TWENTY=FOUR HOUR DAY,
“WHAT COULD CAUSE THIS? WHAT CHANGES WOULD HAVE TO BE MADE IN THE

- ROTATING-*GLOBE MODEL OF THE EARTH TO ACCOUNT FOR CHANGES IN THE
- LENGTH OF DAYS? IN THIS INVESTIGATION YOU WiLL CONSIDER ONE POSSl=
BILITY.
PROCEDURES :
A. CoPY THIS CHART IN YOUR NOTEBOOK,
TILT
TVerTicaL= |  TILT TiLT TILT
LoCATION { No i TOWARD AWAY FROM TO ONE SIDE OF
oTILT LIGHT SOURCE LiGgHT SOURCE L1GHT SOURCE
Fbuaroa P : i
PIN - n ] i
INORTHERN= | ;
HEMISPHERE | ‘ i
PIN ’ .

'

B, CAREFULLY DRAW LINES AROUND THE GLOBE, FROM TOP TO BCTTOM,
T0 OIVIDE THE GLOBE INTO EIGHT EQUAL SECTIONS.

Ce STICK A STRAIGHT PIN ABOUT 9/10 OF THE WAY INTO THE GLOBE
NEAR THE "EQUATOR" AND ALONG ONE OF THE "NORTH=SOUTH" LINES.
STICK A SECOND PIN INTO THE GLOBE AT A POINT ABOUT HALF=
WwAY FROM THE "EQUATOR'" To THE "NorRTH PoLE," THE SECOND PIN
SHOULD BE ON THE SAME "NORTH=SOUTH" LINE AS THE FIRST PlIN,

D. PLACE THE GLOBE ABLUT 3 FEET FROM THE LIGHT SOURCE, . BE SURE
THAT THE CENTER OF THE GLOBE IS LEVEL WITH THE LIGHT SOURCE
AND THAT THE AXIS IS VERTICAL {STRAIGHT UP AND DOWN).

THE EARTH ROTATES ONCE ON ITS AXIS IN EACH TWENTY=FOUR
HOURS. IMAGINE THAT YOUR GLOBE ROTATES AT THE SAME SPEED, -
SINCE THE LINES DIVIDE IT INTO EIGHT EQUAL PARTS, IT WOULD
TAKE 2428, oR 3 HOURS, TO TURN FROM ONE LINE TO THE NEXT.

E. ONE TEAM MEMBER SHOULD BE POSITIONED SO THAT HE CAN SEE
THE "MORNING" SIDE OF THE GLOBE, A SECOND MEMBER SHOULD
BE POSITIONED OPPOSITE THE FIRST, LOOKING AT THE "EVENING"

Q
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SIDE OF THE GLOBE, ROTATE THE GLOBE UNTIL THE "EQUATOR"
PIN IS JUST COMING FROM DARK INTO DAYLIGHT ("MORNING" FOR THE
PIN)s THE EVENING OBSERVER SHOULD ROTATE THE GLOBE SLOWLY
UNTIL THE PIN REACHES THE DARK~LIGHT LINE (EVENING). As
THE GLOBE 1S BEING TURNED, THE MORNING OBSERVER SHOULD
COUNT THE "THREE HOUR" SECTORS THAT PASS FROM DARKNESS INTO
LIGHT, ’
For How MANY "HOURS" wAs THE PIN IN THE LiGHT? (IF You
CANNGT TELL EXACTLY, ESTIMATE THE NUMBER AS CLOSELY AS YOU
CAN.) ENTER THE NUMBER OF "HOURS" IN THE TABLE IN YOUR
NOTEBOOK IN THE SPACE OPPOSITE "EQUATOR PIN" AND BELOW
"VERT1CAL=NO TiLT."
REPEAT PROCEDURE E, BUT THIS TIME OBSERVE THE PIN IN THE
"NORTHERN HEMISPHERE," ESTIMATE THE NUMBER OF "HOURS"
IT SPENDS IN LIGHT AND ENTER THE NUMBER IN THE TABLE.
Now TILT THE AXIS OF THE GLOBE ABOUT 30° FROM VERTICAL
TOWARD THE LIGHT SOURCE (THE "NORTH POLE™ TOWARD THE LIGHY;
THE "SOUTH POLE" AWAY FROM IT). CHECK TO BE SURE THAT THE
CENTER OF THE GLOBF IS STILL LEVEL WITH THE LIGHT SOURCE.
TURN THE GLOBE TO SEE HOW MANY "HOURS" EACH PIN SPENDS IN
LIGHT. BE CAREFUL NOT TO CHANGE THE TILT AS YOU TURN THE
GLOBE. ENTER YOUR OBSERVATIONS IN THE TABLE.
TURN THE BASE OF THE GLOBE UNTIL THE AXIS OF THE GLOBE IS
TILTED AWAY FROM THE LIGHT SOURCE. TEST EACH PIN IN TURN
TO SEE HOW MANY "HOURS" IT SPENDS IN LIGHT. ENTER YOUR
OBSERVATIONS [N THE TABLE.
FINALLY, TURN THE BASE OF THE GLOBE UNTIL THE AXIS IS TILTED
NEITHER TOWARD NOR AWAY FROM THE LIGHT SOURCE, BUT TO ONE
SIDE. ESTIMATE THE NUMBER OF "HOURS" SPENT IN THE LIGHT
BY EACH PIN AND ENTER THESE |N THE TABLE.
WHEN FINISHED, WASH THE LINES OFF THE GLOBE WITH SOAP AND
WATER, RINSE, SQUEEZE, AND SET OUT TO DRY.

INTERPRETATIONS §

1e

CouLD CHANGES IN LENGTHS OF DAYS ON EARTH BE ACCOUNTED FOR
BY THINKING OF THE EARTH AS HAVING A TILTED AXIS?

2. IF SO0, WHICH SEASON WOULD CORRESPOND TO WHICH DIRECTION OF
TILT?
3. WHAT CAN YOU SAY ABOUT THE LENGTHS OF DAYLIGHT FOR POINTS
ON THE EQUATOR IF THE TILT OF THE AX!S CHANGES?
" PROBLEMS ;
1. How DO YOU THINK THE LENGTHS OF DAYLIGHT FOR A POINT NEAR

THE NORTH POLE WOULD BE AFFECTED IF THE TILT OF THE AX{S
CHANGES? DOES TH!S AGREE WITH REPORTS YOU MAY HAVE HEARD
ABOUT CONDITIONS NEAR THE POLE?

— e
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LOCATING PLACES & KEEPING TIME
LEVEL: Juntor HiGH

ACTIVITY: DeTERMINING YOUR LATITUDE

MATERIALS: CARDBOARD 20 ¢M x 30 cM SCISSORS
STRING STAPLER
PROTRACTOR METRIC RULER
WEIGHT :

To YHE TEACHER: STUDENTS NEED TO BE TOLD THAT THE ALTITUDE OF
POLARIS AND LATITUDE ARE THE SAME OR THIS CAN BE DEVELOPED BY AN
ACTIVITY WHERE THEY CAN DISCOVER THIS FOR THEMSELVES, AFTER THEY
KNOW THIS INFORMATION THEY CAN DO THE FOLLOWING ACTIVITY.

PROCEDURES ¢
A, IN THIS PROCEDURE YOU WILL CONSTRUCT AN INSTRUMENT CALLED

AN ASTROLABE (AS~TROH=LAYB). INVENTED BY THE GREEKS IN THE
SECOND OR THIRD CENTURY BeC.y THE ASTROLABE IS ONE OF THE
MOST ANCIENT SCIENTIFIC NSTRUMENTS. [T WAS AN IMPORTANT
NAVIGAT IONAL TOOL FOR EARLY SAILORS. |T IS USED TO MEASURE
VERTICAL ANGLES,

WITH A STRAIGHTEDGE, DRAW A LINE ACROSS THE CARDBOARD.
NEAR THE MIDDLE OF THE LINE MAKE AN INDEX MARK WITH A PENCIL.

USE SCISSORS TO CUT A TRIANGULAR NOT@H AT EACH END OF
THE LINE. THE NOTCHES SHOULD BE ABOUT 1 CM DEEP.

AT 10 CM FROM EACH OF THE UPPER CORNERS OF THE CARDBOARD,
MAKE A CUT 2 CM LONG, FoLD THE CARDBOARD.

PLACE A PROTRACTOR ON THE CARDBOARD AND CAREFULLY MARK
OFF DEGREES. MAKE EACH 5° AND 100 MARK LARGER THAN THE
OTHERS, (DO NOT COPY THE NUMBERED DEGREES SHOWN ON THE
ORIGINAL PROTRACTOR.) MARK THE DEGREE NUMBERS &S FOLLOWS:

PLACE THE STRING OVER THE INDEX MARKe FASTEN THE STRING
AT THE INDEX MARK WITH A STAPLE OR Two. TIE THE WEIGHT SO
THAT 1T SWINGS FREE OF THE INSTRUMENT.

THE ASTROLABE !S COMPLETE AND CAN BE USED TO MEASURE
THE ALTITUDES OF STARS, WITH REFERENCE TO THE EARTH'S HORI=
ZONe

NOTE: THE FOLLOWING PROCEDURES HAVE TO BE DONE AT HOME IN THE
EVENING,
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B. [N THE EVENING, FACE POLARIS AND RAISE THE FAR END OF THE
ASTROLABE UNTIL YOU SIGHT POLARIS THROUGH THE NOTCHES,
THE WEIGHTED STRING MUST HANG FREELY. WHEN YOU HAVE SIGHTED
POLARIS, PRESS THE STRING AGAINST THE CARDBOARD, AND READ
THE ANGLE AT WHICH IT CROSSES THE SCALE. THIS ANGLE I8
THE ALTITUDE OF POLARIS,

C. TAKE YOUR ASTROLABE HOME TONIGHT AND MEASURE YOUR LATITUOE,

INTERPRETATIONS ¢

1e WHAT IS YOUR MEASUREMENT FOR THE LATITUDE OF YOUR HOME?
2, WHAT 1S THE AVERAGE OF THE VALUES OBTAINED BY YOUR CLASS?
3¢ WHAT LATITUDE IS GIVEN ON MAPS FOR YOUR LOCATION?

334




LOCATING PLACES AND KEEPING TIME
LeveL: 9TH

ACTEVITY: TopOGRAPHY

THE TOPOGRAPHIC OR CONTOUR MAP IS AN ACCURATE MEANS OF REPRESENT=
ING THE RELIEF OF THE EARTH'S SURFACE.

MAP PROJECTIONS
1. WHAT IS A MAP?
2. WHAT 1S A MAP PROJECTION?T

3. NAME AT LEAST FOUR COMMON MAP PROJECTIONS AND STATE ONE ADVANTAGE
OR DISADVANTAGE OF EACH.

ToPOGRAPHIC MAPS:

1. WHAT IS A TOPOGRAPHIC OR CONTOUR MAP?
2, NAME SEVERAL PHYSICAL FEATURES WHICH APPEAR ON TOPOGRAPHIC MAPS.

« NAME THE FEATURES INDICATED ON CONTOUR MAPS BY EACH OF THE
FOLLOWING COLORS:

3
%A) BLue:

8) BrowNn:
¢) Back:
D) Reo:

€) GREEN:

4, WHAT IS A RELIEF MAP?
5« WHAT IS MEANT BY THE SCALE OF A MAP?
6

s IN THE SPACE BELOW SHOW THREE WAYS UF INDICATING THE 3CALE OF l
A MAP,




29¢

' 7o MEASURE THE DISTANCE ALONG THE MIDDLE OF THE ROAD FROM POINT A
: TO POINT G SHOWN BELOW. USE THE STRAIGHT EDGE OF A SHEET OF
PAPER TO MARK OFF IN SUCCESSION EACH SEGNENT OF THE ROAD. COMe
PARE THE TOTAL DISTANCE WITH THE GRAPH:C SCALE SHOWN TO DETERMINE
THE DISTANCE ALONG THE ROAD FROM A TO G.

. g ) DiIsTANCE S
0 1 2

8. WHAT IS & CONTOUR LINE?
9« WHAT 1S MEANT BY A CONTOUR INTERVAL?

10, IN WHAT TYPE OF AREA IS IT BEST TO USE;
() A smaLL conTOoUR INTERVAL?

(8) A LARGE CONTOUR INTERVAL?
11,  IN THE SPACE PROVIDED ILLUSTRATE BY CONTOUR LINES EACH OF THE
FOLLOWING

(A) A HILL FOUR CONTOUR LINES HIGH:S {8) A DEPRESSION THREE CON=
TOUR LINES DEEP:

(c) A vALLEY CONTAINING A STREAM (USE FOUR CONTOUR LINES):

(o) A RIDGE CONSISTING OF AT LEAST THREE PEAKS:

12, EXACT LATITUDE AND LONGITUDE IN DEGREES AND MINUTES CAN BE DETER-
MINED ON THE TOPOGRAPHIC MAP. (SEE NEXT PAGE

(A) THE LATITUDE OF POINT X s

(8) THE LONGITUDE OF POINT Y IS

(c) tocate poInt 2

(0) IN which SeEcTsoN 1S P LOCATED?

-
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(£) In whicn sSECTION 1S K LOCATED?

(F) WiICH MAP SERIES IS INOICATED HERE?
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LOCATING PLACES AND KEEPING TIME
LeveL: 9TH
ACTIVITY: LaTiTUDE, LONGITUDE, AND TIME

ROTATION AND REVOLUTION OF THE EARTH ARE BASES FOR THE MEASUREMENT
OF TIME.

Latiruoe:

1o LATITUDE IS THE DISTANCE _ OR OF THE
MEASURED IN ON LiNES CALLED .

2. THE DISTANCE FROM THE EQUAYCT TO THE POLES IS DEGREES, THE
LATITUDE OF THE EQUATOR IS __ DEGRE"3. THE TROPICS ARE LO=-
CATED DEGREES AND OF THE '

AND THE ARCTIC AND ANTARCTIC CIRCLES ARE DEGREES FROM
THE e« YOUR HOME IS LOCATED ABOUT DEGREES
LATITUDE.

3. ON A CLEAR NIGHT, LATITUDE MAY BE DETERMINED BY FINDING THE
OF THE NORTH STAR. IN THE NORTHERN HEMISPHERE,
THE NUMBER OF DEGREES THAT THE NORTH STAR IS ABOVE THE HORIZON
1S THE OBSERVER®S .

4, DuRING THE DAY, LATITUDE CAN BE DETERMINED FROM THE

BY USE OF AN INSTRUMENT CALLED THE .
LoNGiTUDE ¢
1. LONGITUDE IS THE DISTANCE OR ~_ OF THE
MERIDIAN MEASURED IN ON CIRCLES CALLED .

THESE CIRCLES MEET AT THE AND ARE FARTHEST APART AT THE
« AT THE EQUATOR, A DEGREE OF LoNGITUDE (1/360TH oF
THE EARTH'S CIRCUMFERENCE) !'S EQUAL TO AGOUT __ MiLES,
WHILE AT THE POLCS, A DEGREZE OF LONG!TUDE IS EQUAL TO

MILES,

2. STARTING IROM THE ~RiMi MERIDIAN, -HE MERID,ANS ARE NUMBERED UP
T0 CLGREZLS ND . YOUR HOME

e -

1S LOCATEO ABOUT _ . DEGREZS _ LONGITUDE.

- e

Time:

1. THE LENGTH OF DAY IS DETERH!ND BY
"THE LENGTH OF YEAR IS DETERMINED BY

ﬁﬁ LENGTH OF LUNAR MONTH IS OETERMINED BY

i 378
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2. 1IN ONE ROTATION ON ITS AXIS, THE CARTH TURNS OEGREES 1IN
MOURS. THIS IS A RATE OF, DEGRELS PER HOUR,
PLACES ON THE EARTH THAT ARE FIPTCEN OEGREES OF LONGITUOE APART
wiLL DIFFER’ tH TIME,

3o WHEN THE SUN I8 OVER ANY GIVEN NERIDIAN, THE TIME ON THAT MERIDIAN
18 « THE TINE AT A PLACE FIFTEEN DEGREES TO THE
EAST OF THIS MERSIDIAN WiLL BC 0%CLOCK, WHILE AT A
PLACE FIFTEEN ODEGREES TO THE WEST T wWiLL O o'cLoCK.

4, DuEt TO THE FACT THAT THE EARTH MOVES WHEN NEARER
THE SUN AND WHEN FARTHER AWAY, THE SOLAR DAYS ARE
NOT ALL OF THE SANE LENGTH. THE AVERAGE OF ALL THE SOLAR DAYS
OF THE YEAR §S KNOWN AS THL DAY. OUR CLOCKS
Keee TINE, A SUNDIAL KCEPS ______ __ TINE,

5« STANDARD TIKE IS

6. THE STANDARS mu: BELTS OF 'nu: UniteD STATES AND CANADA FROM
EAST TO WEST ARE

S T e

ResATED QUESTIONS:

1. STATE TWO OR THREE WAYS BY WHICH TRUE NORTH MAY BE O'ETCR?‘INCD.

2, (A) WHAT 1S MEANT BY A GREAT CIRCLE?
(8) WHAT 18 A GREAT CIRCLE ROUTE?

3. DisSTINGUISH BETWEEN:
(A) A SEXTANT AND A CHRONOMETER

(8) CELESTIAL NAVIGATION AND DEAD RECKON§NG

B.  WHAT. CARCERS DO YOU TH{MNK WOULD MEED SACKGROUND N THIS ACTIV-
ity? Litsr,

349
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LOCATING PLACES AND KEEPING TIME
Lever: 9TH

ACTIVITY: Stanoaro TiME

InTRODUCTION 'id_gnls ACTIVITY YOU WILL STUDY THE STANDARD TIME
20NES OF THE UNiTED STATES.

MATERIAL: MAP OF THE UNITED STATES

DIRECTIONS:

1.
.2.

ON A MAP, DRAW AND LABEL THE MERIDIANS UPON WHICH :Acn OF THE
STANDARD TIME BELTS OF THE UNITED STATES AND CANADA ARE BASED.
DrAw THE aouqunncs FOR EACH TIME BELT, AND LABEL EACH OF THE
BELTS.

ACTIVI?Y QUESTIONS

b,

Se

WHAT IS MEANT BY 37ANOARD tln:?

WHY ARE ‘THE BOUNDARSES OF THE TIME ZONES 21GZAG. Llnts?

HOW WOULD A PERSON CHANGE HIS WATCH AS HE CAME TO EACH NEW TIME
ZONES.

(A) WHEN TRAVELING EAST TO WEST?

(8) WHEN TRAVELING WEST TO EAST?

IN WHICH STANDARD TIME SELT IS EACH OF THE FOLLOWINGS

{A) SALT LAKE CiTY? ' c) ATLANTA?
8) Los ANGELES? o) EL Paso?
WHEN 1T 1S 4 poM. IN LoNoON, EngLAND, wm'r TIME ¢S IT INS
(A) Ricumono? DEs MOINES?

(8) PrHoENIX? ALSANY?

AT WHAT TIME WOULD THE STROKES OF MIDNIGHT ON New Year's Eve
tN LeNOON, ENGLAND, BE HEARD OVER THE RADIO N
i ToPEKA? 2c) DENVER?

Los ANGELES? D) ALBANY?

{N ORDER TO LISTEN TO A CALIFORNIA FOOTBALL GAME WHICH STARTS
AT 1 PoM., WHAT TIME WOULD A PERSON NEED TO TURN ON HIS RADIO
orR TV IN:

(a) New Yorx City? (c) Austin?

(8) HerEna? (o) Nevaoa?

e
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ASTRONCMY
LeEver: JuniorR HigH

ACTIVITY: ConsTRUCTING A TELESCOPE

MATERIALS: (PER TEAM)

Lenses, 2 CONSTRUCTION PAPER, 2 SHEETS
MASKING TAPE SCISSORS

METER STICK

PROCEDURES ¢

A, THE LENS wiTH THE GREATER MAGNIFICATION WiLL BE THE EYEew
PIECE OF YOUR TELESCOPE. HoLD THIS LENS NEAR YOUR EYE,
THE SECOND LENS AT ARM'S LENGTHe BRING IT NEARER TO YOUR
EYE WHILE LOOKING AT A DISTANT OBJECT THROUGH BOTH LENSES.
WHEN THE OBJECT IS IN SHARP FOCUS, HOLD THE LENSES STEAOY.
IMMED IATELY HAVE ONE OF YOUR TEAM MEMBERS MEASURE AND REe
CORD THE DISTANCE BETWEEN THE TWO LENSES,

B. ROLL AND TAPE TWO SHEETS OF CONSTRUCTION PAPER TO FORM TWO
TUBES WITH SLIGHTLY DIFFERENT DIAMETERS. THE TUBES SHOUL®
BE MADE JUST LARGE ENOUGH IN DIAMETER TO HOLD THE LENSES,
ONE TUBE SHOULD SLIDE INSIDE THE OTHER, WHEN EXTENDED, THE
COMBINED LENGTH OF THE TUBES SHOULD BE GREATER THAN THE
DISTANCE 'FOUND BETWEEN THE LENSES IN PROCEDURE A,

Co USE MASKING TAPE TO ATTACH THE LENSES TO THE FREE END OF
EACH TUBE.

D. Loox AT A DISTANT OBJECT THROUGH YOUR TELESCOPE, AND SLIDE
THE TUBES IN OR OUT UNTIL THE OBJECT COMES INTO FOCUS,

INTERPRETATION:
1. Is THE IMAGE YOU SEE UPRIGHT 28 I&VERTED?

ForR FURTHER ACTIVITY:
1. TRY TO CONSTRUCT A TELESCOPE USING ONE CONVEX LENS AND ONE
CONCAVE LENS, DESCRIBE THE RESULTS.
2. USE A TELESCOPE TO VIEW SEVERAL OF THE OBJECTS THAT GALILEO
OBSERVED IN THE SKY.

CAUTION: NEVER LOOK AT THE SUN THROUGH ANY TELESCOPE, YOU CAN
PERMANENTLY DAMAGE YOUR EYES BY VIEWING THE SUN, EVEN
THROUGH DARK GLASSES,

PROBLEM :

MOST STARS ARE SO FAR FROM THE EARTH THAT THEY DO NOT APPEAR TO
MOVE, ONLY THE CLOSER STARS CAN BE SEEN TO CHANGE POSITION
SLIGHTLY FROM YEAR TO YEAR, ONE OF THE CLOSEST, BARNARD'S STAR,
HAS BEEN OBSERVED TO WOBBLE BACK AND FORTH SLIGHTLY (N ITS PATH,
WHAT DO YOU THINK MIGHT BE THE CAUSE OF THE WOBBLE?

! m
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ASTRONOMY
Levet: Junior HigH

ACTIVITY: GLOBE SHADOWS

MATERIALS: CLay NAlLS
CoFFEE cAN GLoBE

INTRODUCTION 2

SUNLIGHT STRIKES THE GLOBE IN THE SAME WAY THAT IT STRIKES THE
EARTH. AT ANY ONE TIME HALF OF THE EARTH (AND OF THE GLOBE) RE=
CEIVES DIRECT SUNLIGHT AND THE OTHER HALF OF THE EARTH (AND OF THE
GLOBE) RECEIVES NO SUNLIGHT. THERE ARE AREAS OF DAYLIGHT AND AREAS
OF DARKNESS, AND THE BOUNDARIES BETWEEN THEM ARE THE LINES OF SUNRISE
AND SUNSET. WHEN YOUR TOWN 1S ON TOP AND THE GLOBE IS TURNED SO
THAT NORTH ON THE GLOBE POINTS TO NORTH ON THE EARTH, THE GLOBE
IS FACING EXACTLY THE SAME WAY THE EARTH IS, HERE. IS A WAY CHILDREN
HAVE ORIENTED GLOBES OUT=OF=DOORS.,

PROCEDURES ¢

1. USING CLAY, FIX A NAIL AT YOUR HOME SPOT. (THAT NAIL IS
POINTING STRAIGHT UP, JUST LIKE THE SHADOW STICK ON YOUR
CHART.) THEN STAND THE GLOBE IN A COFFEE CAN OR OTHER
SUPPORT SO THAT THE NAIL IS AT THE VERY TOP. TO CHECK TO
SEE IF YOU REALLY HAVE YOUR TOWN ON TOP, SIGHT ACROSS THE
GLOBE FROM SEVERAL PLACES,

2. KEEPING THE NAIL ON THE TOP, TURN THE GLOBE SO THAT IT IS
IN THE SAME POS[TION AS THE EARTH BENEATH YOUR FEET.

THE MIDDAY SHADOW LINE POINTS NORTH. THE NORTH POLE ON YOUR
GLOBE SHOULD POINT IN THE SAME DIRECTION AS THE MIDDAY SHADOW.

To DO THIS, GO OUTSIDE AT MIDDAY AND TURN THE GLOBE UNT4L THE SHAOOW
OF THE NAIL POINTS TO THE NORTH POLE ON THE GLOBE.

CHILDREN CHECK THEIR ORIENTATION OF THE GLOBE BY REFERRING TO
LANDMARKS OR TO FACTS THEY KNOW ABOUT LOCAL TIME IN DIFFERENT PARTS
OF THE COUNTRY: "l THINK MINE'S RIGHT., | KNOW THAT THE TURNPIKE
RUNS EAST AND WEST, AND WEST ON THE GLOBE IS IN THE SAME DIRECTION
AS WEST ON THE TURNPIKE." "THE SUNRISE LINE 1S JUST AT CALIFORN{A,
MY GRANDMOTHER LIVES THERE, AND WHEN WE PHONE HER, IT'S ALWAYS THREE
HOURS EARLIER THAN IT IS HERE, S0 IF IT'S 9 0®CLOCK HERE, IT's ABOUT
6 0'CLOCK THERE==AND THAT SHOULD BE ABOUT SUNRISE TIME."

LEAVE THE GLOBE IN ONE POSITION=wAT LEAST AT FIRST. CHILDREN
ARE LESS CONFUSED WHEN THEY PLACE THE GLOBE OUTSIDE AND LEAVE iT IN
ONE POSITION AND THEN WAIT FOR THE SUN TO "MOVE" RATHER THAN TRYING
TO ROTATE THE EARTH==AT LEAST DURING THE EARLY WORK WITH GLOBES.
WITH THE GLOBE SERVING AS A SMALL MODEL OF THE EARTH, CHILDREN CAN
SEE HOW THE AREAS OF LIGHT AND SHADOW CHANGE OVER THE COURSE OF THE
DAY.

ONCE THE CHILDREN HAVE THEIR GLOBES PROPERLY ORIENTED IN THE SUNw

LIGHT {WITH A NAIL AT THEIR HOME TOWN, AND THEIR HOME TOWN ON TOP),
THEY MAY WISH TO TRY TO ANSWER SOME OF THESE QUESTIONS.
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Guost QUESTEIONS:

LS

2.

L
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WHERE ON THE GLOBE }S THE SUN DIRECTLY OVERHEAD Now? TAKE
ANOTHER NAIL, AND MOVE IT AROUND UNTIL YOU FIND SUCH A PLACE,
THEN STICK THE NAIL THERE WITH SOME CLAY,

"| MOVED THE NAIL AROUND ON THE GLOBE UNTIL THERE WASN'T

ANY SHADOW. THERE WASN'T A SHADOW NEAR THE PANAMA CaANAL,”

ARE THERE OTHER PLACES WHERE THERE IS NO SHADOW NOW? CHiLDe
REN TRY TO ANSWER THIS BY PUTTING NAILS IN SEVERAL LOCATIONS,
FOR ONLY ONE PLACE DO THEY GET A "NO sHADoW," IT TaAkes

TIME BEFORE THEY ARE SATISFIED THAT THERE CAN BE ONLY ONE
NO=SHADOW PLACE, AND THAT THIS PLACE MUST BE DIRECTLY UNDER
THE LIGHT (WHETHER THE SUN OR A LIGHT suee).

FIND PLACES WHERE [T !S MIDDAY NOW. ARE THE PLACES WHERE

IT §S MIDDAY TO THE EAST OR TO THE WEST OF You? By TRYING
NAILS IN DIFFERENT PLACES, CHILDREN DISCOVER THAT WHEN IT

IS MIDDAY WHERE YOU ARE, IT IS MIDDAY AT EVERY PLACE DIRECTLY
NORTH AND DIRECTLY SOUTH OF YOU. [T MAY TAKE TIME FOR

THEM TO REALIZE THAT WHEN IT 1S MIDDAY WHERE YOU LIVE, THE
SUN 1S DIRECTLY OVERHEAD AT SOME POINT SQUTH OF YOU ALONG

THE SAME LONGITUDE AND THAT IS THE NO=SHADOW PLACE.

WHERE WILL IT BE MIDDAY IN AN HOUR? WHERE WAS IT MIDDAY
AN HOUR AGO? THESE ARE GOOD QUESTIONS TO ASK OUTDOORS.
THE CHILDREN HAVE SOME KNOWLEDGE OF TIME ZONES, AND THEY
MAY TELL YOU THAT IT IS AN HOUR EARLIER WHERE A FRIEND
LIVES IN CHICAGO, THREE HOURS EARLIER IN CALIFORNIA. CaN
THEY TELL HOW MANY HOURS EARLIER IT IS IN NoME, ALASKA?

WHERE DO YOU THINK THERE WILL BE NO SHADOW AN HOUR FROM Now?
THIS IS A GAME THAT CHILDREN HAVE ENJOYED, THEY PUT LABLLED
NAILS ON THEIR PREDICTION POINTS, WHEN THEY GO OUT AFTER
THE HOUR 1S UP, THE CHILDREN WHOSE NAILS AR\ CLOSEST TO THE
NO=SHADOW POSITION AND THE NORTH=SOUTH SHADIW POSITION ARC=

THE BEST PREDICTORS.,
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ASTRONOMY
Lever: HigH SenooL
) ACTIVITY: TooLs oF THE ASTRONOMER

Ve, WHY DO ASTRONOMERS USUALLY TAKE PICTURES OF THE SKY RATHER THAN
JUST STUDY IT THROUCH THE TELESCOPE?

'f . 2, HOW ARE EXPCSURES OF STARS MADE POSSIBLE WHEN SUCH A’ SMALL ANMCUNT
OF LIGHT IS AVAILABLE FROM THEM?

3+ IF A CAMERA !3 POINTED TOWARD THE NORTH STAR AND THE SHUTTER
LEFT OPEN FOR A PER!OD OF TiME, THE FILM WILL SHOW. 1A¥Y FxiCKS

OR STREAKS CAUSEO BY THE LIGHT FROM THE STARS. WHAT DO THESE
STREAKS INDICATE?

l}o_ WNY SHOULO THE PHOTOGRAPHIC FILM USED lN ASTROFPHOTOGRAPHY BE
THE SAME SHAPE AS THE MIRROR?

5. WHAT 18 A BLINK COMPARATOR?

o WHICH PLANET WAS LOCATED THROUGH THE USE OF A BLINK COMPARATOR?

WHAT 1S A SPECTROSCOPE?

o DISCUSS SEVERAL USES OF THE SPECTROSCOPE.

9. DESCRIBE THREE TYPES OF SPECTRA.
1. .

2.
3.
10. WHAT 00 THE OARK LINES OF THE ABSORPTION SPECTRUM REPRESENT?

11. WHAT COLOR IS PRESENT ON THE SPECTROSCOPE IF A STAR'S TEMPERA~

TURE 18 HIGH? Low?

. 346




TERISTIC COLOR OR COLORS, THE SPECTROSCOPE 1S A DEVICE FOR SEPARATING
LIGHT OF DIFFERENT COLORS. WZ SHALL LEARN MORE ABOUT THE WAY IN WH{CH
IT WORKS WHEN WE STUDY LIGHT, [N THIS EXPERIMENT, WE SHALL USE IT
MUCH AS YOU CAN USE A CAMERA WITHOUT KNOWING EXACTLY HOW IT PRODUCES

A PICTURE.

MATERIALS

HAND- SPECTRUSCOPE BUNSEN BURNER

NICHROME WIRES WITH GLASS OR WOOD SOLUTIONS OF LITHIUM CHLORIDE
HANDLES POTASSIUM CHLORIDE

CAaLCIUM CHLORIDE ' STRONTIUM CHLORIDE

CuPRriC CHLORIDE ) SODIUM CHLORIDE

SODIUM NITRATE CONCENTRATED NITRIC ACID (OPTIONAL)

PROCEDURES ¢

THE SPECTROSCOPE- CONSISTS OF A LIGHTPROOF 80X WITH A SLIT AT ONE
END NEAR AN EDGE., AT THE OTHER END OF THE BOX IS AN OPENENG FOR THE
EYE, AND JUST IN FRONT OF THIS OPENING 1S A DIFFRACTION GRATING, A
DEVICE FOR SPLITTING LIGHT INTO ITS VARIOUS COLORS MUCH AS A PRISM
DOES., EACH COLOR IS DEVIATED 8Y A DIFFERENT AMOUNT AS SHOWNs THE
ORSERVER SEES THEM AGAINST A TRANSLUCENT SCALE WHICH MAY BE CALIBRATED
IN AngsTROMS (1 A = 10~10 u),

LOOK THROUGH THE SPECTROSCOPE AT THE LIGHT FROM A WINDOW OR AN
INCANDESCENT LAMPe THE LIMITS OF THE VISIBLE SPECTRUM SHOULD BE
asour 4000 To JOOO A, (7000 A Is THE RED END OF THE SPECTRUM,) IF
YOUR SPECTROSCOPE HAS A SCALE, CHECK IT FOR ACCURACY, IF THE SCALE
IS CALIBRATED IN ARBITRARY UNITS (O TO 100), NOTE THE POSITION OF
THE TWO ENDS OF THE SPECTRUM, RED VIOLET .

1. HOW MANY DIViSIONS ARE THERE BETWEEN THE RED AND THE VIOLET ENDS
OF THE SPECTRUM?

YOU CAN ASSUMZ WITHOUT TOO MUCH ERROR THAT THE SCALE BETWEEN THE TWO
ENDS OF THE SPECTRUM IS L INEAR,

2. HOW MANY ANGSTROMS DOES EACH DIVISION ON THE SCALE REPRESENT?

. YOUR INSTRUCTOR WiLL GIVE YOU A PIECE OF PLATINUM OR N{CHROME
WIRE ATTACHED TO A GLASS HANDLE, FORM A SMALL LOOP IN THE END OF
THE WIRE, DIP IT INTO CLEAN WATER AND THEN HOLD IT IN THE BunsEN
BURNER FLAME. NOW DIP T INTO A SOLUTION OF SODIUM CHLORIDE AND
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ASTRONOMY
LeveL: HieH ScHooL
ACTIVITY: THE SPECTRoSCOPE (HOW CAN WE IDENTIFY ELEMENTS BY THE .
LIGHT THEY EMIT?)
WHEN PROPERLY STIMULATED, EACH ELEMENT EMITS LIGHT OF A CHARAC~
WATER. AGAIN HOLD IT iIN THE FLAME,

3. WHAT DO YOU OBSERVE? . |

—
5
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THE LINE THAT YOU SEE CAN BE RESOLVED BY BETTER INSTRUMENYS INTO
TWo LINES AT 5890 A anp 5896 A.

REPEAT THE EXPERIMENT WITH SOLUTIONS OF LITHIUM CHLORIDE, PO=
TASSIUM CHLORIDE, CALCIUM CHLORIDE, STRONTIUM CHLORIDE, CUPRIC CHLORw
IDE, AND SODIUM NITRATE.

IF POSSIBLE, USE A SEPARATE WIRE LOOP FOR EACH SOLUTION AND BE
VERY CAREFUL NOT TO CONTAMINATE ONE SOLUTION WITH ANOTHER. |F You
MUST USE THE SAME LOOP, RINSE IT IN CLEAN WATER AND THEN IN CONCEN=
TRATED NITRIC ACID AND HEAT IT IN THE BUNSEN FLAME UNTIL ANY COLOR
IN THE FLAME DISAPPEARS BEFORE USING IT EACH TIME.

DRAW IN LINES IN THE DATA TABLE FOR EACH DIFFERENT ELEMENT,

THE INSTRUCTOR WILL GIVE YOU A SOLUTION WHICH MAY CONTAIN ONE
OR MORE OF THE ELEMENTS THAT YOU HAVE STUDIED, TEST IT WITH THE
SPECTROSCOPE,

b, WHAT ELEMENTS DOES IT CONTAIN?

OBSERVE A FLUORESCENT LAMP THROUGH THE SPECTROSCOPE, Loox
DIRECTLY AT THE BULB, HOLDING THE SLIT PARALLEL TO THE LENGTH OF
THE BULB.

5. Do YOu OBSERVE ANY BRIGHT LINES?
MAKE A SKETCH OF YOUR OBSERVATIONS,

6 WHAT 1S THE ELEMENT IN THE FLUORESCENT LAMP WHICH IS CAUSING
THE LINES. (USE A REFERENCE BOOK, )

DATA

¥ SODIUM CHLORIDE
LITHIUM CHLORIDE
POTASSIUM CHLORIDE
CALCIUM CHLORIDE
STRONT UM CHLOR!DE
UPRIC CHLORIDE
SODIUM NITRATE

Discussion:
1« NAME TWO PRACTICAL USES FOR THE SPECTROSCOPE AS A MEANS OF [DENTIle
FYING THE PRESENCE OF ELEMENTS,

2., DO YOU THINK THAT ANY OF THE LINES WHICH YOU SAW COULD HAVEZ BEEN
CAUSED BY THE CHLORIDE ION? WHY OR WHY NOT?

3. WHAT TWO METHODS CAN BE USED TO EXCITE ATOMS, CAUSING THEM TO
EMIT LIGHT?

4, THERE ARE ADDITIONAL LINES OF THE ELEMENTS WHICH ARE TOO FAINT
TO BE SEEN WITH THE NAKED EYE, HOW CAN WE DETECT THEM?

5¢ WHAT OCCUPATIONS WOULD NEED TO KNOW HOW TO USE SOME MZTHOD OF
IDENTIFYING VARIOUS ELEMENTS?




ASTRONOMY
Lever: HigH ScHooL

ACTIVITV: APPARENT SiZE OF THE MooN

ProBLEM ®
You HAVE SEEN A FULL MOON RISING ABOVE THE HORJZON ON A CLEAR EVENING.
AsS IT COMES INTO FULL VIEW, IT SEEMS TO BE MUCH LARGER THAN WHEN IT

1S SEEN OVERHEAD IN THE sSKY. DOES THE SIZE OF THE MOON ACTUALLY

CHANGE? \
“\
A

MATERIALS:
YAROST | CK
PAPER CLIPS

PROCEOURE ¢

BEND A PAPER CLIP IN A YeoSHAPE SO THAT IT FITS TIGHTLY AROUNO
THE YAROSTICK, AS SHOWN IN THE FIGURE BELOW. SIGHT ALONG THE YARO=
STICK AT THE MOON AS IT APPEARS OVER THE HORIZON AND BEND THE OPEN
ENDS OF THE PAPER CLIP SO THAT THEY ARE THE SAME WiOTH APART AS THE
MOON APPEARS TO THE EYE, WITHOUT MOVING THE PAPER CLIP OR CHANGING
THE DISTANCE BETWEEN THE OPEN ENOS, SIGHT ALONG THE YARDSTECK AT THE
MOON AT INJERVALS OF ONE HOUR AS rT RISES IN THE SKY.

PAPER CLIP

LINE OF siGHT

-

" ARDSTICK
-
/.'/:

.
Eve

OBSERVATIONS 3
1. DOES THE MOON APPEAR LARGER WHEN SEEN OVER THE HORIZON OR WHEN
IT IS HiGH IN THE SK¥?

2. DOES THE APPARENT S1ZE OP THE MOON FiLL THE SAME SPAGE BETWEEN
THE ENOS OF THE PAPER CLIP AT OIFFERENT SIGHTINGS OURING THE
EVENING?

3. DOES THE MOON SEEM TO GET SMALLER, AS FAR AS THE NAKED-EYE
OBSERVATION 1S GONCERNEO, WHEN IT RISES IN THE SK¥?

. ACGORDING TO YOUR PAMER=GLIP MEASUREMENT, HAS FHE S12E OF THE
MOON ACTUALLN SHANGED?

APPLIGATION:
DO SOME LIBRARY RESCAREH AND COMPARE THE TWO MOONS REVOLVENG AROUND
MARS WITH OUR OWN NATIMAL MOQNe

“
;. \
-
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ASTRONOMY
LeverL: HigH ScHootL

ACTIVITY: MoTions AND PHASES oF PLANET X

TIME REQUIREMENTS

PRE~LAB 5 MINUTES
(WY 10=15 MiInuTES
PosT=LAB 15 «20 MINUTES

MATERIALS: (PER GROUP OF FOUR STUDENTS)
STYROFOAM SPHERE, 3 To 10 CENTIMETERS IN DIAMETER, STUCK ON A PENCIL
OR A PIPE CLEANER;  LIGHT SOURCE WITH A 15-= OR 25«WATT BULS.

SPECIAL NOTES: :

KEEP THE ROOM AS DARK AS POSSIBLE. YOU wWiLL HAVE TO ARRANGE
THE LIGHT SOURCES CAREFULLY. IF GROUPS ARE TOO CLOSE TOGETHER T
WiILL BE §MPOSSIBLE TO SEE THE PHASES OF THE STYROFOAM SRMERE .

THERE SHOULD BE NO BARE WIRES OR TERMINALS EXPOSED ON THE LIGHT
SOURCES,

PRE=LAB DISCUSSION:

BEGIN THE INVESTIGATION BY EXPLAINING TO STUDENTS THAT THEIR
PROBLEM IS TO PRODUCE THE PHASES OF PLANET X. SHOULD THEY USE A
SYSTEM CENTERED ON THE EARTH, THE SUN, OR ONE CENTERED ON PLANET X?
DO NOT SUGGEST WHICH ARRANGEMENT TO USE. LET STUDENTS INVESTIGATE
ALL POSSIBLE WAYS TO REPRODUCE THE GIVEN PHASES.

NOTES ON PROCEDURE ¢

STUDENTS SHOULD HOLD THE STYROFOAM SPHERE IN DIFFERENT POSITIONS
RELATIVE TO THE .LIGHT. MOVE ABOUT THE ROOM, REMINDING STUDENTS WHO
ARE HAVING DIFFICULTY THAT THEY ARE TRYING TO FIND WHERE THIS PLANET
1S RELATIVE TO THE SUN AND THE EARTH.

IF THE LIGHT SOURCE IS TOO D'FFUSE, YOU WiLL WOT BE ABLE TO
SEE THE PHASES.

You GET THE BEST RESULTS WHEN YOU CLOSE CNE EYE TO LOOK AT THE
SPHERE, YOU MIGHT ASK STUDENTS WHY THEY DON'T SEE STARS AND PLANETS
IN THREE DIMENSIONS,

RANGE OF RESULTS:

To SHOW ALL THE PHASES OF THE MOON STUDENTS SHOULD POSITION THE
SUN IN THE CENTER, WITH PLANET XS ORB!T BETWEEN THE SUN AND EARTH'S
ORBIT.

PoST=LAB DISCUSSION:

You MIGHT HAVE ONE GROUP PRESENT ITS VIEWS AND THEN HAVE A DESATE,
STATEMENTS CAN BE MADE ONLY ABOUT INFORMATION AVAILABLE FROM THE INe
VESTIGATION, FOR EXAMPLE, DO NOT ALLOW A STATEMENT SUCH AS "But |
KNOW THAT THE MORNING AND EVENING STAR 1S REALLY VENUS."

NGW WE CAN UNDERSTAND WHAT GALILEO WROTE, CYNTHIA IS ONE NAME
FOR THE MOON AND "MOTHER OF LOVE" REFERS TO VENUS, THE MYTHICAL
GODDESS OF LOVE, GALILEO SECRETLY ANNOUNCED THMAT VENUS SHOWED ALL
THE PHASES OF THE MNON, THEREFORE, PTOLEMY WAS WRONG.

-
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ANSWERS TO QUESTIONS:

1.

2.

3.

WHAT PLANET DO YOU BELIEVE PLANET X REPRESENTS? ANSWER: EITHER
MERCURY OR VENUS |S AN ACCEPTABLE ANSWER. SINCE STUDENTS SHOULD
HAVE CONCLUDED THAT THIS IS A PLANET WITHIN THE ORBIT OF THE

EARTH THESE ARE THE ONLY CHOICES, THEY HAVE NO EVIDENCE TO PREFER
ONE OVER THE OTHER.

Is THE ORBIT OF PLANET X IN THE SAME PLANE AS THE EARTH'S ORBIT?
How DO YOU KNow? ANSWER: FROM THE INFORMATION GIVEN, STUDENTS
WOULD HAVE TO CONCLUDE THAT IT IS NOT, |F IT WERE IN THE SAME
PLANE WE WOULD NEVER SEE A FULL OR NEW PHASC, [NFREQUENTLY,
PLANET X DOES CROSS THE PLANE OF THE EARTH'S ORBIT. HOWEVER,
REASONING EXCLUSIVELY FROM THE MODEL, STUDENTS WOULD NOT SAY SO.

ARE THE PHASES OF THE MOON AND OF PLANET X CAUSED IN THE SAME
MANNER? ANSWER: NO., THE MAIN DIFFERENCE IN PHASES SHOWN IN
FIGURE 20-6 1S THE SMALL S1ZE OF PLANET X WHEN §T'S FULL AND TS
LARGE SIZE WHEN AT CRESCENT, THE SIZE OF THE MOON IN THESE PHASES
ALSO VARIES, BUT NOT NEARLY SO MucH AS PLANET X, THIS IS BECAUSE
PLANET X REVOLVES AROUND THE SUN IN AN ORBIT FAR FROM OURS. THE
MOON IS VERY CLOSE TO THE EARTH, SO ITS VARIATION IN SI2E 18 SMALL.

IF PTOLEMY'S SCHEME WERE CORRECT, COULD PLANET X SHOW ALL OF THE

PHASES OF THE MOOWN? ANSWER: YES, HOWEVER, THE BACKGROUND OF
STARS THROUGH WHICH PLANET X PASSED WOULO BE DIFFERENT.

351



ASTRONOMY
LeveL: HigH ScHooL
ACTIVITY: INVESTIGATING IRTERPLANETARY DISTANCES

CALCULATE THE SCALE DISTANCES SO YOU CAN HELP STUDENTS WHO HAVE
TROUBLE WITH CALCULATIONS.

TIME REQUIREMENTS:

Pre-LAB 5 MINUTES
Las 20«25 MINUTES
PosST=LAB 15 MINUTES

MATERIALS: (PER GROUP CF TWO STUDENTS)
PAPER TAPE AT LEAST 4O M LONG METER STICK

SPECIAL NOTES:

SPACE WILL BE A PROBLEM SINCE EACH GROUP 1S WORKING wiTH U0
METERS OF TAPE. THE INVESTIGATION CAN BE DONE BEST IN A LONG HALL,
A GYMNASIUM, OR OUTSIDE THE BUILDING, A GOOD WAY TO BEGIN THIS IN=
VESTIGATION IS TO AVE THE STUDENTS GIVE THEIR IDEAS OF DISTANCES
IN SPACE. MANY STUDENTS WILL BE ABLE TO RECITE THE ORDER OF THE
PLANETS, SOME MAY BE ABLE TO GIVE THE!R DISTANCES FROM THE SUN.
THIS DOES NOT NECESSARILY MEAN THAT THEY CAN VISUALIZE THE DISTANCES
BETWEEN PLANETS.

ANOTHER QUESTION YOU MIGHT ASK 1S: WHAT DOES THE SOLAR SYSTIM
LOOK LIKE FROM A POINT IN SPACE? HAVE STUDENTS DISCUSS THEIR (DEAS
BRIEFLY,

Noresz ON PROCEDURE ¢
ONEE STUDENTS HAVE STUDIED FIGURE 1 THEY SHOULD SELECT A SCALE
T0 USE FOR THE MOCiL, GUIDE FIGURE 1 SHOWS THE MEASUREMENTS STUDENTS
WiLL USE If THEY PICK ONE METER TO REPRESENT ONE ASTRONOMICAL UNIT.
SINCE THE SCALE DIAMETERS OF THE PLANETS ARE FRACTIONS OF A
MILLIMETER THEY WILL BE IMPOSSIBLE TO PLOT ACCURATELY.
AMONG THE MANY WAYS STUDENTS HAVE USED TO MARK THE DISTANCES
BETWEEN THE PLANETS AND THE SUN ARE?
1o MARK OFF THE DISTANCE WITH METRIC SURVEYOR'S TAPE.
2. MEASURE OFF THE DISTANCE USING METER STICKS.
3o STUDENTS MAY DEVELOP SOME CONVENIENT AND SIMPLE MECHANISMS TO
MAKE THE MEASURING EASIER. ONE ARRANGEMENT §S SHOWN IN GUIDE
Ficure 2,

RANGE OF RESULTS
AS LONG AS THE RELATIVE DISTANCES ON THE PAPER TAPES ARE REASON-
ABLY ACCURATE, DO NOT BE TOO CONCERNEO ABOUT EXACT MEASUREMENTS.
THE SMALLNESS OF THE PLANETS IN COMPARISON TO THE DISTANCE BETWEEN
THEM WILL BE OBVIOUS WHEN STUDENTS TRY TO DRAW A Oo1 MILLIMETER DOT
ON A 4O METER TAPE, NOW THAT THE SCALE OF THE SOLAR SYSTEM CAN BE
SEEN BY THE CLASS, YOU MIGHT D$SCUSS HOW LONG !T WOULD TAKE TO TRAVEL
FROM ONE POINT TO ANOTHER, THIS DISCUSS/ON SHOULD CLEAR UP ANY
CONFUSION LEFT ABOUT THE ASTRONOMICAL UNIT, STUDENTS SHOULD REALIZE
THAT DISTANCES IN INTERPLANETARY SPACE ARE UNWIELDY WHEN YOU USE
MILLIONS OF KILOMETERS.
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A SANPLE QUESTION YOU MIGHT ASK IS: HOW LONG WOULD IT TAKE TO
TRAVEL FROM EARTH TO MARS AT 100,000 K ILOMETERS PER HOUR ASSUMING
Tagsc PLANETS 8RE APPROXIMATELY 0,5 A.Us APART? ONE HALF OF 150 x
10° 1s T5 x 10° kiLoMETERS, AT 100,000 KILOMETERS PER HOUR (a:
VELOCITY NO PRESENT SPACECRAFT CAN REACH) IT WOULD TAKE T50 HOURSe °
ABOUT ONE MONTH.

IT WOULD BE A RARE OCCURRENCE TO HAVE ALL THE PLANETS LINE UP
AS SHOWN ON THE TAPE. [NSTEAD OF A TAPE, A GREAT SHEET ofF parer 80
METERS (N DIAMETER COULD BE USED. LOOKING AT SUCH A LARGE SHEET,
DO YOU THINK YOU COULD SEE THE PLANETARY DOTS EASILY? THE SOLAR
SYSTEM SEEMS TO BE MOSTLY SPACE,

NASA'S ACCOMPLISHMENT OF PUTTING TWO ASTRONAUTS ON THE MOON
MEANT GOING ONMLY &% MILLIMETERS ON THE SCALE!

Guioe FIGURE 1
SOLAR SYSTEM TO SCALE
1 AU, (ASTRONOMICAL UNIT) = 1 METER

e

DisTance: DIAMETER,
Ossect FROM SUN, METERS MILLIMETERS
Sun 11,00
MERCURY R 0.04
Venus 0.7 0.10
EarTH 1.0 0.10
Mars 145 0.05
JUPITER 5.2 1,12
SATURN 9.5 0.95
UrANuS 19.2 0.37
NepTunk 30.1 0.39
PrLuto - 39.5 0.05

GuioE FiGURe 2
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ASTRONOMY
Lever: Hian ScHooL

ACTIVITY: CONVEX LENS; IMAGE FORMATION

WHY DOES OUR CAMERA HAVE TO BE ADJUSTED FOR THE DISTANCE OF THC
OBJECT?

WHEN THE PICTURES OF NEAR OBJECTS ARE TO BE TAKEN, THE BELLOWS
OF THE CAMERA S GREATLY EXTENDED. THE LOCATION OF WHAT PART OF THE
CAMERA NAS BEEN CHANGED 8Y THIS ADJUSTMENT?

MOUNT THE LENS AND HOLDER ON THE METER STICK AND POINT THE STICR
AT SOME DASTANT OBJECT OUTSIDE THE WINDOW. STAND BACK OF THE WINOOW
IN A DARKER PORTION OF THE ROOM. PLACE THZ CARDSBOARD SCREEN ON THE
OPPOSITE SIDE OF THE LENS, MOVE THE LENS UNTIL YOU SEE A CLEAR [MAGE
OF THE OBJECT ON THE SCREEN,

1. IS THE IMAGE A REAL IMAGE?
2, IS §T SMALLER OR LARGER THAN THE 0B.ECT?
3« [InvERTED OR ERECT?

THE DISTANCE FROM THE LEHS TO THE CARDBOARD 1S THE FOCAL LENGTH,
Recorp THiIS DISTANCE,

Proceoure: A. Osyect Beyono Twice THE FocaL LEwers

PLACE THE LIGHT BOX AND WIRC MESH O AT THE ZERO ENOD OF THE METER
STICK ANDO THE CARDBOARD SCREEN NEAR THE OPPOSITE ENO (sce p:aomam).
SET THE LENS AT A DISTANCE FROM O GREATER THAN 2 TINES THC FOCAL
Lewatn (For ExameiLe, 3 TiMEs).

MOVE THE CARDBOARD UNTIL A OISTINCT IMAGE OF THE WIRE MESH 18
FORMED, RECORD THE DISTANCE OF THE OBYECT FROM THE LENS Do ANO THE
DISTANCE Dy OF THE IMAGE FROM THE LENS,

MEASURE WiTH A METRIC RULE (OR VERNSER CALIPER) THE 312€ OF
FIVE SQUARES ON THE IMAGE. RECORD AS S;o MEASURE FIVE SQUARES ON
THE WIRE MESH AND RECORD AS Sg.

e
--‘-““




B. Osyect AT ExactLy Twice THE FocaL LENGTH

MOVE THE LENS SO THAT IT 1S EXACTLY TWICE THE FOCAL LEAGTH DISe
TANT FrROM O, LOCATE THE IMAGE. RECORD THE DISTANCES, AGAIN MEASUKRE
FIVE.SQUARES ON THE IMAGE.

4. How DOES THIS IMAGE COMPARE IN SIZE WITH THE IMAGE FORMED AT THE
FIRST POSITION?

C. Osyect Berween THE Focal PoINT AnD TwiCE THE FocalL LeNGTH

REPEAT THE PROCEDURE WITH THE LENS AT A DISTANCE FR'M O €QuaL
70 1% TIMES THE FOCAL LENGTH.

5. HOW DOES THE SIZE OF THE IMAGE COMPARE WITH THE OBJECT?
D. CONJUGATE FocCl

LEAVE THE CARDBOARD SCREEN AT THE POSITION FOYND IN THE LAST
TRIAL, MOVE THE LENS UNTIL YOU FIND ANOTHER LOCATION FOR WHICH AN
IMAGE |8 FORMED ON THE CARDBOARD SCREEN,

6., How DOES THE SIZE OF THIS IMAGE COMPARE WITH THE OTHCR ONE POUND
AT THIS SAME POINT?

RECORD THE DISTANCES OF THE OBJECT AND THE 'IMAGE FROM THE LENS,
7. How DO THESE DISTANCES COMPARE WITH THOSE OF TRIAL e?
TwO SUCH POINTS ARE CALLED CONJUGAYE FOCI,

To FIND THE NUMERICAL RELATION BETWEEN THE DISTANCES OF THE IMAGE
AND THE OBJECT AND THE FOCAL LENGTH, IT IS NECESSARY TO GALCULATE
THE EXPRESSION _1_ + _1_ | |7 wilL BE SIMPLER {F EACH FRACTION IS

Do D,

REDUCED TO A DECIMAL AND THE TWO RESULTS ARE ADDEO, CALCULATE THIS
EXPRESS ION AND CARRY OUT THE RESULT TO THREE DECIMAL PLASES,

SINCE THE FOCAL LENGTH OF THE LENS WAS CONSTANT THROUGHOUT THE
EXPERIMENT, THE FRACTION 1 WILL BE THE SAME FOR ALL TRIALS, EXPRESS
AS A DECIMAL. F

8. Do YOU SEE ANY SIMILARITY BETWEEN THE RESULTS?

To FIND THE RELATION THAT EXISTS BETWEEN THE DISTANCES OF THE
IMAGE AND THE OBJECT AND THEIR RESPECTIVE SIZES, REDUCE THE FRASTIONS,

Do S
«== AND TO DECIMALS .
D §% ?

9. WHAT 0O YOUR RESULTS INDICATE?




S/8
DATA
FocaL LenaTa cM
Do 0y Jl,L}| 1.1 8 $i Do | So
T ) L (en) 1o il F ol (et | () | By N
A 2
8 -
¢
[+
|
1
1 Discussion:

1o WRITE THE RELATION WHICH YOU FOUND TO EXIST FOR THE DISTANCE OF
THE OBJECT, THE IMAGE, AND THE FOCAL LENGTH,

2. A CLEAR IMAGE IS FORMED AT A DJSTANCE OF 30 IN: FROM A LENS
WHEN THE OBJECT 1S PLACED 15 IN, FROM THE LENS. WHAT I8 THE
FOCAL LENGTH OF THE LENS?

3¢ HAVE YOU EVER NOTICED THAT A MUCH GREATER ADJUSTMENT OF THE
CAMERA LENS POSTION 1S NEEDED TO CHANGE THE FOCUS FROM 3 FEET
70 4 FEET, THAN TO CHANGE FROM 25 FEET TO 50 FEET? CaAN YOU
EXPLAIN wHY?
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ASTRONOMY
Lever: Hies Schoot

ACTIVITY: HosBies !N SCIENCE AND TECHNOLOGY

PROCEDURES ¢
A, WITNESSING THE Rovg oF THE F.Lm

FIND A CAMERA WITH A REMOVABLE SACK. FASTEN A PIECE OF TRANS~-
LUCENT PAPER TO THE 9SACK OF THE CZMERA W TH SOME TAPE. You MAY
USE WAXED PAPER OR SOME TR3CING PAPER. FiX THE SHUTTER MECHANISM
SO THAT IT REMAINS OPEN AND TEEN POINT THE CAMERA AT SOME DISTANT
OBJECT., BY MOVING THE FOSUSING CONTROLS, BRING THE DBJECT INTO
FOCUS ON THE PAPER, NOW, FOCUS ON AN OBJECT NEARER THAN THE PRE=~
VioUsS ONE.

DID YOU HAVE TO MOVE THE LENS FORWARD OR BACKWARD TO FOCUS?

B. AN IMPORTANT PRINCIPLE USED IN PHOTOGRAPHY MAY BE DC“ONSTRATEb
AS FOLLOWS:

DISSOLVE A FEW CRYSTALS OF SILVER NITRATE IN A HALF A TEST TUSE
OF DISTILLED WATER. ADD & U!TTLE TABLE SALT SOLUTION. SHAKE THE
TEST TUBE WELL AND POUR HALF OF THE RESULTNNG SUSPENSION INTO ANOTHER
TEST TUBE. PLAGE ONE TEST TUBE IN BRIGHT SUNLIGHT. KEEP THE OTHER
TEST TUBE IN THE DARK A5 A CONTROL.

DESCRIBE YOUR OBSERVATIONS HERE,

C. PHotocHEMICAL DEMONSTRATION

FROM YOUR TEACHER OR FROM THE CHEMISTRY DEPARTMENT, OBTAIN A
SOLUTION OF S:LVER N!TRATE IN WATER AND THEM MAKE SOME 3ALT WATER
BY DISSOLVIMG £S MUCH S3LT AS W'IL DISSOLVE IN WATER AT ROOM TEMS®-
PERATURE. MIX THESE T#D CHEM'CALS TOGETHER: (AGN03 + NACL ==
AGCL + NANO3). THE AGL, OR SILVER CHLORIDE, WiLL PRECIPITATE
AND WIL'. COAGQULATE IF 0N HEAT IT SLOWL” W.TH A BURNER.

FILTER TH!S ENTIRE SO'UT!ON AMD THE S:LVER CHLORIDE WiLL REMAIN
ON THE FII.LTER PSPER, DRv TH:S PRECIP:!TATE THOROUGHLY WITH BLOTTING
PAPER.

IN THE MIDDLE OF THIS BLGITING FAPER, PLACE A LARGE COIN OR OTHER
OPAQUE OBJECT TO COVER A PART OF THE CHEMICAL. Now, EXPOSE THE PAPER
TO A VERY BRIGHY LIGHT SUCH AS SURNING MAGNESIUM RIBBON,

WHAT DO YOU OBSERVE WHEN YOU REMOVE THE COSN?

WHAT DOES THIS DEMONSTRATION SHOW?

357

— -
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